GEOLOGIC  RECONNAISSANCE  OF  THE  ALTA  VERAPAZ 
FOLD  BELT,  GUATEMALA 


A  Dissertation 


Submitted  to  the  Graduate  Faculty  of  the 

Louisiana  State  University  and 

Agricultural  and  Mechanical  College 

in  partial  fulfillment  of  the 

requirements  for  the  degree  of 

Doctor  of  Philosophy 

in 

The  Department  of  Geology 


by 
Samuel  B.  Bonis 
B.S.,  Brooklyn  College,  1955 
M.S.,  Louisiana  State  University,  1957 
January,  1967 


f(/^ 


ACKNOWLEDGMENTS 

The  field  mapping  upon  which  this  work  is  based  would 
have  been  impossible  without  the  financial  and  logistical 
support  of  many  people  and  organizations. 

To  my  former  employer,  the  Union  Oil  Company  of  Cali- 
fornia, I  am  indebted  for  permission  to  incorporate  work 
done  while  in  the  company  employ.   The  Instituto  Geogr£fico 
Nacional  de  Guatemala  has  helped  and  encouraged  me  to  con- 
tinue this  work  while  in  their^employ.   While  I  was  at 
L.S.U.,  the  U.S.  Agency  for  International  Development 
(A.I.D.),  the  Penrose  Fund  of  the  Geological  Society  of 
America,  and  Louisiana  State  University  have  generously  pro- 
vided funds  to  help  support  the  field  work. 

Ora  Willet  and  Harry  Browne  of  the  Union  Oil  Co.  of 
California,  Harold  Kaska  of  Compania  Guatemala  Calitornia 
de  Petroleo,  and  E.  T.  Ashworth  of  Esso  Standard  (Guatemala) 
Inc.  provided  valuable  paleontological  help  while  mapping 
was  in  progress.   Subsequently  Noel  Brown  of  Esso  Produc- 
tion Research  Laboratories  kindly  made  a  number  of  identi- 
fications for  me. 

ii 


Digitized  by  the  Internet  Archive 

in  2011  with  funding  from 
Universidad  Francisco  IVIarroquin 


http://www.archive.org/details/geoloreconnaiOOboniguat 


The  Direccion  General  de  Mineria  e  Hidrocarburos  in 
Guatemala  made  numerous  thin  sections  and  has  shown  interest 
in  my  work. 

Many  people  in  Alta  Verapaz  have  given  me  the  hospi- 
tality of  their  homes  and  extended  innumerable  courtesies 
which  made  the  mapping  possible.   I  have  space  to  mention 
only  a  few  who  have  been  especially  helpful:   Senores  Juan 
Rohrmann  and  Luis  Chavarria  of  Finca  Santa  Teresa;  Ings. 
Don  Graves  and  Alan  Probert  of  the  then  active  Compania 
Minera  de  Guatemala;  Ing.  Rafael  PifJol  of  Finca  Esperanza; 
Senor  Dennis  Koester  of  Finca  Seamay;  Senor  Edgar  Champeney 
of  Finca  Sepacuite;  and  Senor  Jaime  Champeney  of  Finca 
Sepamac. 

I  wish  to  thank  my  good  friends  Gabriel  Dengo  and  Otto 
Bohnenberger  for  the  many  discussions  we  have  had  concern- 
ing our  work,  and  for  their  continuous  support  and  friend- 
ship.  My  debt  to  them  is  great. 

Members  of  the  entire  L.S.U.  School  of  Geology  faculty 
are  noted  for  their  cheerful  willingness  to  give  freely  of 
their  time  to  students,  from  which  I  have  greatly  bene- 
fited.  Two  of  my  professors,  C.  0.  Durham,  Jr.  and 

iii 


W.  A.  van  den  Bold,  have  taken  special  interest  in  my  work, 
and  have  visited  me  in  the  field.   I  am  especially  grate- 
ful to  them  for  their  constant  support  and  encouragement 
as  well  as  their  geological  advice. 

I  have  benefited  immeasurably  from  accompanying  Pro- 
fessor Howel  Williams  during  his  work  in  the  volcanic 
province  of  Guatemala,  and  have  been  inspired  by  his  com- 
panionship and  continuing  zest  for  field  work. 


IV 


CONTENTS 

Page 

ACKNOWLEDGMENTS ii 

FIGURES viii 

PLATES ix 

ABSTRACT  x 

INTRODUCTION  1 

PREVIOUS  WORK 6 

REGIONAL  GEOLOGIC  SETTING.  .  f  10 

General  Statement 10 

Volcanic  Province 11 

Pacific  Coastal  Plain 13 

Peten  Lowland 13 

Central  Guatemalan  Cordillera 16 

GEOGRAPHY " *  .  .  .  18 

General  Statement 18 

Climate 20 

Accessibility 20 

Base  Maps  and  Methods.  .  .  ^. 21 


Page 

Physiography  23 

Sierra  de  las  Minas 25 

ROCK  UNITS 27 

General  Statement 27 

Serpentinite  28 

Diabase 33 

Plutonic  Rocks  35 

General  Statement 35 

Polochic  Granite ■  .  37 

Sierra  de  las  Minas  Granit^ 38 

Metamorphic  Rocks 40 

Outcrop  Areas 40 

Sierra  de  las  Minas  Metamorphic  Rocks 40 

Cataclasites .  43 

Paleozoic  Sedimentary  Rocks 47 

Santa  Rosa  Group .•  •  •  '^'^ 

General  Statement 47 

Nomenclatural  Problems  50 

Contacts  and  Correlations 55 

Santa  Rosa  Red  Beds  and  Conglomerates 57 

Tactic  Formation  62 

vi 


Page 

Chochal  Formation *.   64 

Mesozoic  Rocks  74 

Todos  Santos  Formation  74 

Coban  Formation 83 

Campur  Formation 91 

Mesozoic-Cenozoic  Rocks 95 

Sepur  Formation 95 

General  Statement 95 

Distribution  and  Contacts •  .   98 

Lithology  and  Source  of  pediments 102 

'         Paleontology  108 

Environment  of  Deposition 112 

Recent  Pumice 113 

STRUCTURE 115 

General  Statement 115 

Folds 117 

Faults 122 

Rio  Polochic  Fault  Zone  and  the  Bartlett  Trough.  .  .  .  125 

GEOLOGIC  HISTORY  130 

PROBLEMS  FOR  FUTURE  STUDIES 135 

SELECTED  BIBLIOGRAPHY 138 

VITA , 1 

vii 


FIGURES 


Figure  Page 

1.  Map  of  Caribbean  region  showing  location  of 

map  area 2 

2.  Physiographic  provinces  of  Guatemala,  includ- 

ing localities  mentioned  in  text  3 

3.  Generalized  geological  map  of  Guatemala 4 

4.  Generalized  composite  section  for  Alta  Verapaz  .  .  29 

5.  Generalized  Paleozoic  facies  relationships  ....  48 

6.  Diagrammatic  cross  secti6n  of  the  Santa  Rosa 

section 50 

7.  Paleogeologic  cross  sections  of  Mesozoic 

Guatemala 79 

8.  Map  of  Transval  Sepur  section 101 


Vlll 


Plates 
Plate 

I.  Geologic  map  and  cross  section   (  in  pocket  ) 

II.  Photo.'^raphs  of  the  Rio  Polochic  valley 

III.  Photographs  of  granitic  and  cataclastic  rocks  in 

the  Rio  Polochic  valley 

IV.  Photographs  of  the  Pet^n  Lov/land  and  karst  topo- 

graphy south  of  Lanqufn 

V#     Photographs  of  karst  topography 

VI.  Photographs  of  Chochal  conglomerate  and  the  Sepur 

Formation        \  '  ' 

VII,  Fnotographs  of  conglomerate  and  gravels  from  the 
;       the  Sepur  Formation 

VIII,  Photographs  of  cataclastic  rocks 

IX.  Photographs  of  a  volcanic  boulder  conglomera-ce 

and  clastic  rock  types  from  th^    Sepur  Pormaticn 

X.  Photographs  of  limestone  from  the  Campur  Formation 

and  lithic  arenite  from  the  Sepur  Formation 

XI,  Photomicrographs 


IX 


ABSTRACT 

The  Alta  Verapaz  fold  belt  is  centrally  located  on  the 
north  side  of  the  east-west  trending  Cordillera  which  forms 
the  geanticlinal  core  of  northern  Central  America.   This 
Cordillera,  which  is  the  continuation  of  the  North  American 
Cordilleran  system,  has  a  core  of  Paleozoic  crystalline 
rocks  that  strike  east-west,  possibly  emerging  in  the  Carib- 
bean Sea  to  form  the  geological  axis  of  the  Greater  Antil- 
les.  The  Bartlett  Trough  has 'its  mainland  prolongation  in 
Guatemala,  where  the  trough  emerges  to  form,  in  part,  a 
great  horst  bounded  by  two  major  fault  systems. 

Extensive  linear  serpentine  belts  parallel  the  fault 
systems  which  flank  the  Cordillera.   The  crystalline  core 
is  replaced  northward  by  the  folded  sedimentary  belt,  where 
upper  Pennsylvanian  to  Tertiary' sediments  have  been  recog- 
nized.  The  fold  belt  gives  way  northward  to  the  more  flat- 
lying  sediments  of  the  Peten  basin,  a  part  of  the  Gulf 
coastal  province  of  North  America.   The  present  geologic 
reconnaissance  spans  the  northern  part  of  the  Cordillera, 
extending  from  granitic  rocks  in  the  core,  northward 
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across  the  northern  border  faults  of  the  Bartlett  trend, 
serpentinites,  and  folded  sediments,  to  the  Peten  basin. 

Intense  shearing  and  crushing  of  granitic  and  sedi- 
mentary rocks  in  Pre-Permian  time  has  in  part  created  a 
cataclastic  transitional  zone  from  dominantly  metamorphic 
older  Paleozoic  rocks  to  more  than  3000  meters  of  Pennsyl- 
vanian-Permian  clastic  and  carbonate  sediments.   The  struc- 
tural framework  of  northern  Central  America  has  remained 
fairly  constant  since  late  Paleozoic  time. 

During  a  late  Permian  to  Early  Jurassic  hiatus  there 
was  uplift,  erosion,  and  possijple  folding,  but  no  evidence 
of; any  major  orogeny  was  found  in  Alta  Verapaz. 

Late  Jurassic  to  Neocomian  red  beds  are  covered  by 
1000-2000  meters  of  mid-Cretaceous  carbonates,  which  under- 
go a  facies  change  in  the  Peten  basin  to  more  than  3000 
meters  of  evaporites  and  carbonates.   Limestone  deposition 
continued  in  Alta  Verapaz  through  early  Senonian  tiine. 

Uplift  and  large-scale  faulting  accompanied  by  vol- 
canism  brought  a  great  serpentinite  mass  to  the  surface  and 
broke  the  former  shallow  water  platform  into  basins, 
shelves,  and  highland  areas  during  Campanian  time.   These 
unstable  conditions  continued  at  least  through  Paleocene 
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time.   During  this  period  a  varied  sequence  of  calcarenites, 
volcanic  wackes,  greywacke  sandstones,  and  shales  were 
deposited  in  Alta  Verapaz. 

Uplift  culminated  in  mid-Tertiary  time  with  folding 
and  thrusting  to  the  north,  towards  the  foreland.  Post- 
orogenic  high-angle  faulting  broke  the  Alta  Verapaz  fold 
belt  into  blocks,  perhaps  again  reactivating  a  Paleozoic 
zone  of  deformation  into  the  Bartlett  Trough  structural 
trend  of  today. 
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INTRODUCTION 

Geologic  and  physiographic  trends  extending  south  from 
North  America  swing  to  the  east  in  northern  Central  America 
and  strike  eastwards  into  the  Caribbean  region  (figs.  1,  2, 
and  3) .   A  great  deal  of  attention  has  been  focused  on  the 
Caribbean  region,  but  previous  to  the  last  ten  years,  very 
little  geologic  mapping  has  been  done  in  Guatemala,  the 
mainland  extension  of  the  northern  Caribbean  area,  since 
the  last  century.  / 

■  Work  was  undertaken  in  Alta  Verapaz  in  an  effort  to 
unravel  the  geology  of  a  very  interesting  area  as  well  as 
to  attempt  to  shed  some  light  on  larger  Caribbean  problems. 
Because  Alta  Verapaz  is  a  geologically  complex  and  essen- 
tially unknown  region,  this  work  was  designed  as  a  broad 
reconnaissance  to  help  guide  future  detailed  studies  in  the 
fold  belt  region. 

The  field  work  for  this  paper  was  carried  out  inter- 
mittently from  1957  to  1964.   While  in  residence  in  Guate- 
mala I  was  either  mapping  in  Alta  Verapaz  and  El  Peten,  or 
working  in  other  areas  of  the  republic,  acquiring  geological 
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information  which  is  partially  expressed  in  this  paper.   By- 
far  the  greatest  part  of  effort  expended  in  this  study  was 
devoted  to  field  mapping. 


PREVIOUS  WORK 

The  earliest  geologists  to  visit  this  part  of  Central 
America  were  the  Frenchmen  Dollfus  and  Mont-Serrat,  who 
published  their  findings  in  1868.   They  passed  west  of  the 
map  area,  but  they  did  see  a  large  part  of  the  geologic 
section.   In  a  remarkable  geological  reconnaissance  they 
essentially  established  the  correct  stratigraphical 
sequence  in  Guatemala. 

Karl  Sapper,  the  great  German  physical  geographer  and 
certainly  the  outstanding  figure  in  Central  American  geology, 
first  came  to  Guatemala  in  1888.   He  lived  in  Alta  Verapaz, 
where  his  brother  owned  several  coffee  fincas.   Alta  Verapaz 
was  the  base  for  his  diverse  activities,  which  included 
ethnology  and  archeology,  as  well  as  geography  and  geology — 
especially  volcanology.   As  a  measure  of  the  broad -scope  of 
his  scholarship  in  "Die  Alta  Verapaz"  (1901) ,  which 
included  a  1:200,000  scale  geologic  map  of  the  Alta  Verapaz 
region,  only  14  of  the  total  146  pages  are  devoted  to 
geology.   This  map  is  correct  in  its  general  aspect.   Sap- 
per had  trouble  differentiating  the  various  carbonate  units 

6 


7 

as  well  as  some  of  the  red  beds.   These  same  problems  plague 
current  workers. 

In  "Uber  Gebirgsbau  und  Boden  des  Nordlichen  Mittel- 
amerika"  (1899) ,  Sapper  published  important  notes  on  various 
traverses,  including  some  in  Alta  Verapaz.   He  summarized 
the  geology  of  the  Central  American  region  in  Mittelamerika 
(1937).-^ 

Roberts  and  Irving  (1957) ,    although  concerned  mainly 
with  mineral  deposits,  have  made  an  admirable  review  of 
Central  American  geology  which  is  the  best  introduction, 
in  English,  to  that  subject.   A  great  deal  of  their  work  is 
based  on  Sapper's  earlier  contributions. 

Dixon's  (1957)  excellent  study  in  Belice  contributed, 
much  to  the  understanding  of  Paleozoic  rocks  in  the  Cor- 
dilleran  region. 


The  large  number  and  variety  of  published  works 
by  Sapper  are  a  testimonial  to  his  incredible  fortitude 
and  dedication.   Sapper's  friend  and  co-worker,  Franz  Termer 
himself  second  only  to  Sapper  in  his  contributions  to  the 
geography  and  geology  of  Guatemala,  told  me  that  Sapper  was 
a  very  small,  frail-appearing,  and  frequently  ill  man.   Even 
Termer  found  it  hard  to  believe  that  this  is  the  man  who 
walked  to  Panama  and  back,  climbing  most  of  the  major  Cen- 
tral American  volcanoes  en,  route — sometimes  two  in  a  day! 
Termer  also  said  that  Sapper  was  a  very  fine  musician  and 
a  kind,  considerate  person;  a  truly  inspiring  man. 
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After  Sapper,  no  major  work  was  published  on  Alta 
Verapaz  until  the  "Geology  of  the  Coban-Purulha  area" 
(Walper,  1960) .   This  work  contains  important  stratigraphic 
information  and  a  map  of  a  difficult  area,  which  bounds  the 
present  map  area  on  the  west. 

Maldonado-Koerdell  (1958)  published  an  extensive  bib- 
liography on  Central  American  geology. 

A  useful  summary  of  stratigraphic  units  has  been  com- 
piled by  Hoffstetter  (1960)  in  conjunction  with  Dengo. 

Vinson  (1962)  published  a  portion  of  the  Mesozoic  and 
Tertiary  information  on  northern  Guatemala  that  he  and 
other  Esso  geologists,  especially  Gallagher  and  Brehm,  had 
gathered  over  a  number  of  years,  including  paleontologic 
determinations  by  Bronnimann  and  Ashworth.   This  invalu- 
able contribution  is  slightly  marred  by  the  erection  of  a 
number  of  new  formational  names  which  are  more  likely  bio- 
stratigraphic  units  than  mappable  lithologic  units. 

McBirney  (1963)  has  made  a  superb  study  of  a  part  of 
the  crystalline  core  of  the  Guatemalan  Cordillera,  to  the 
southwest  of  the  area  here  under  discussion. 

Vinson  and  Brineman  (1963)  published  a  summary  of  the 
tectonic  history  and  paleogeography  of  northern  Central 
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America. 

These  are  the  most  important  works  in  reference  to  the 
geology  of  Alta  Verapaz.   Mention  is  made  in  the  text  and 
bibliography  of  other  papers  which  also  refer  to  Alta  Vera- 
paz and  regional  geology. 


REGIONAL  GEOLOGIC  SETTING 


General  Statement 


The  four  principal  physiographic  prgvinces  of  the 
Guatemala  region,  from  south  to  north,  are  as  follows:   the 
Pacific  coastal  plain,  the  volcanic  province,  the  Cordil- 
lera, and  the  Peten  lowland  (Fig.  2) .   Two  physiographic 
and  structural  trends  dominate:   (1)  an  east-west  arc, 
convex  to  the  south,  of  Paleozoic  and  Mesozoic  crystalline 
and  sedimentary  rocks  extending  from  Chiapas  to  the  Carib- 
bean Sea,  and  (2)  a  northwest-southeast  trend  through 
Central  America  of  Tertiary  to  Recent  volcanic  rocks  capped 
by  a  row  of  Quaternary  cones.   The  regions  where  these 
trends  dominate  form  Nuclear  Central  America  and  the  vol- 
canic province  respectively.   To  the  north  is  the  Peten 
lowland,  or  basin.   Although  the  Peten  lowland  has  trends 
similar  to  Nuclear  Central  America,  its  strongest  affini- 
ties are  to  the  Gulf  Coast,  having  been  a  part  of  the  Gulf 
of  Mexico  during  Cretaceous  and  Tertiary  times.   A  younger, 
less  prominent  north-south  set  of  faults  and  fractures  is 
superimposed  upon  the  older  trends,  especially  in 
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southeastern  Guatemala. 

Northern  Central  America  includes  northern  Nicaragua, 
Honduras,  El  Salvador,  Guatemala,  Chiapas,  and  British 
Honduras,  or  Belice  as  it  is  termed  in  Guatemala.   This 
is  geologically  related  to  continental  North  America. 
Southern  Central  America  may  have  evolved  as  an  island  arc 
system  (Dengo,  1962;  Lloyd,  1963). 

Little  is  known  of  the  exact  relationships  between 
northern  Central  America  and  the  Antillean  region.   Nuclear 
Central  America  strikes  eastward  and  possibly  formed  part 
of  the  geological  axis  of  the  Greater  Antilles  region. 
Such  major  structural  features  as  the  Bartlett  Trough, 
which  has  its  mainland  prolongation  in  the  region  under 
study,  indicate  a  strong  kinship  with  the  Antillean  ero- 
genic zone. 

Volcanic  Province 

The  volcanic  province  covers  western,  southern,  and 
southeastern  Guatemala;  El  Salvador,  and  much  of  Honduras 
and  Nicaragua.   Quaternary  volcanic  activity  has  been  con- 
centrated on  the  southern  margin  of  the  Tertiary  volcanic 
zone.   Volcanic  rock  types  ranging  from  rhyolitic  obsidian 
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to  olivine  basalt  are  present  in  Guatemala.   Perhaps  the 

most  abundant  types  are  pyroxene  andesites  and  dacitic 

I 
pumice. 

I 

Whereas  Tertiary  volcanism  consisted  mostly  of  fissure- 
type  eruptions  with  large  volumes  of  rhyodacitic  materials,  - 
Quaternary  eruptions  are  characterized  by  dacitic  ignim- 
brites  and  high  andesitic  cones  and  domes.   Quaternary 
volcanism  in  southeastern  Guatemala  is  different.   Here, 
large  andesitic  composite  cones  and  fields  of  small  basal- 
tic cinder  cones  and  flows  are  found.   Many  of  these  are 
controlled  by  north-south  fractures.   Some  Guatemalan  cones 
and  domes  are  still  active.   The  imposing  chain  of  Quater- 
nary cones  together  with  highland  lakes  produces  some  of 
the  most  magnificent  scenery  in  the  world. 

Scattered  inliers  of  slightly  metamorphosed  pelitic 
sediments,  limestones,  and  plutons  yield  a  limited  picture 
of  the  pre-volcanic  stratigraphy.   The  black  shales  and 
phyllites  are  probably  equivalent  to  the  Pennsylvanian- 
Permian  sediments  exposed  to  the  north.   Albian  fossils  in 
some  of  the  limestones  indicate  a  correlation  with  the 
Coban  limestone  of  Alta  Verapaz.   A  large  part  of  the  vol- 
canic basement  consists  of  granitic  plutons.   Some  of  these 
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plutons  have  been  dated  as  Cretaceous;  however.  Tertiary  and 
Paleozoic  granitic  rocks  may  also  be  present. 

Pacific  Coastal  Plain 

Detritus  eroded  from  the  volcanic  highlands  creates  a 
coastal  plain  about  50  kilometers  wide  along  the  Pacific 
Ocean.   An  unknown  thickness  of  sands,  gravels,  pumice,  and 
bouldery  lahar  deposits  grades  imperceptibly  into  the  vol- 
canic rocks  of  the  highlands.   Due  to  the  tremendous  volume 
of  detritus  deposited  in  coalescing  alluvial  fans,  combined 
with  possible  subsidence,  the  coastal  areas  are  very  poorly 
drained.   Black,  magnetite-rich  sands  are  concentrated 
along  the  remarkably  straight  shoreline. 

Peten  Lowland 

The  Peten  lowland,  a  tropical  rain  forest  area  with  an 
average  elevation  of  about  100  meters,  is  underlain  mostly 
by  gently  dipping  Mesozoic  and  Tertiary  sediments.   An 
extensive  karst  topography  is  developed  on  Cretaceous  car- 
bonate rock,  creating  some  very  broken  terrain.   Because  of 
the  underground  drainage  large  districts  are  waterless 
during  the  dry  season.   One  could  easily  die  of  thirst  in 
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the  midst  of  the  tropical  rain  forest.   In  places,  the 

heavily  forested  areas  give  way  to  broad  savannas  studded 

I 
with  pine  trees  and  bare  karst  hills  rising  30  to  100      | 

i 

meters  above  the  level  surface.   Although  numerous  ruins   I 
in  El  Peten  indicate  that  at  one  time  it  was  a  center  of    ' 
the  brilliant  pre-Columbian  Mayan  civilization,  it  is  today 
mostly  uninhabited  and  little  known.   What  brought  the 
decline  of  this  civilization  remains  an  enigma.   I  think 
loss  of  needed  water  due  to  a  general  lowering  of  the  water 
table — related  to  the  evolution  of  karst  drainage — was  a 
factor. 

The  sedimentary  section  in  the  Pet^n  basin  has  attract- 
ed exploratory  efforts  for  petroleum,  unfortunately  without 
any  commercial  discoveries.   Much  critical  information  has 
been  gained  from  this  work,  which  will  be  important  in 
further  exploration,  as  well  as  in  developing  an  understand- 
ing of  the  geology  of  northern  Central  America. 

In  northern  Alta  Verapaz,  the  Peten  lowland  begins 
near  Sebol  (3G) ,  at  the  foot  of  the  mountain  front.   Inten- 
sity of  folding  and  faulting  decreases  northward  from  the 
mountain  front,  so  that  the  central  parts  of  the  basin  are 
flat- lying  or  only  gently  folded.   Deposits  thicken  rapidly 
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basinwards  from  the  margins.   The  largest  part  of  this 
increase  accompanies  a  facies  change  from  Cretaceous  car- 
bonates to  evaporites,  which  are  possibly  in  excess  of  3,000 
meters  thick.   Sedimentary  thickness  in  the  deepest  parts 
of  the  basin  probably  exceeds  10,000  meters.   In  the  south- 
ern part  of  the  Peten  lowland,  the  Cretaceous  carbonates 
are  overlain  by  Upper  Cretaceous-lower  Tertiary  clastic 
rocks.   To  the  north,  younger  Tertiary  carbonate,  clastic 
and  evaporitic  rocks  also  crop  out.   Pennsylvanian-Permian 
clastic  sediments  are  found  in  the  Maya  Mountains,  a  large 
horst  on  the  eastern  side  of  the  Peten  basin.   In  addi- 
tion, a  thin  fringe  of  Jurassic-Cretaceous  red  beds  is 
exposed  around  the  southwestern  end  of  the  structure.       i 
These  Paleozoic  and  Mesozoic  sediments  were  also  encoun-    , 
tered  in  wells  drilled  on  the  east  side  of  the  basin.   The 
Cretaceous  and  older  rocks  in  the  subsurface  of  the  Peten 
basin  crop  out  in  the  Alta  Verapaz  fold  belt,  although 
there  is  little  premonition  of  the  remarkable  evaporite 
thickness. 


16 

Central  Guatemalan  Cordillera 

The  band  of  plutonic,  metamorphic,  and  folded  sedi- 
mentary rocks  extending  across  central  Guatemala  is  termed 
the  Central  Guatemala  Cordillera.   This  is  a  portion  of 
the  Cordilleran  system  that  ranges  from  Chiapas  to  the  Bay 
Islands  of  Honduras.   At  various  times  the  belt  has  been 
termed  Nuclear  Central  America,  Antillean  System,  Sierras 
of  Northern  Central  America,  Sierra  Madre,  and  others. 
Local  practice  has  been  to  name  individual  ridges  or  seg- 
ments, without  applying  a  nam^  to  the  whole  system.   Among 
these  localized  names  are:   Sierra  de  Chiapas,  in  Mexico; 
Sierra  de  los  Cuchumatanes,  Sierra  de  Chuacus,  Sierra  de 
las  Minas,  Sierra  de  Chama,  Sierra  de  Santa  Cruz,  and  Mon- 
tana del  Mico  in  Guatemala;  and  Sierra  de  Grita  in  Hon- 
duras.  The  southern  part  of  this  belt  consists  predomi- 
nantly of  metamorphic  and  plutonic  rocks,  including  schists, 
amphibolites,  gneisses,  marbles,  serpentinites,  and 
granites.   The  main  part  of  the  metamorphic  rocks  are  in 
the  upper  greenschist  facies.   Metamorphic  rocks  decrease 
in  abundance  northward  as  the  crystalline  zone  grades  into 
the  folded  sedimentary  belt,  where  upper  Pennsylvanian  to 


GEOGRAPHY 
General  Statement 

Alta  Verapaz  is  in  central  Guatemala,  although  in 
that  country  it  is  considered  to  be  one  of  the  northern 
districts.   It  is  inhabited  mostly  by  Kekchi  Indians  of 
Mayan  stock,  who  retain  their  traditional  customs  and  lan- 
guage.  High  quality  coffee  is  the  main  cash  product  of  the 
area.   This  is  grown  on  large  farms,  known  as  fincas,  which 
are  owned  and  managed  by  ladinos,  people  of  Caucasian 
descent  or  culture.   The  Guatemalans  justifiably  pride 
themselves  on  their  "world's  finest  coffee." 

About  twenty  per  cent  of  the  region  is  under  cultiva- 
tion.  Less  than  five  per  cent  of  the  total  area  produces 
crops  in  any  one  year.   The  bulk  of  the  land  under  cultiva- 
tion is  brush-covered  corn  fields.   Under  the  traditional 
shifting  slash-burn  farming  method  the  rapidly  exhausted 
soils  are  permitted  to  remain  fallow  for  perhaps  three 
times  the  amount  of  time  the  land  is  planted.   With  increas- 
ing population  pressure  and  the  domination  of  the  large     , 
fincas,  however,  not  enough  free  land  is  available  and  the  { 
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soils  are  depleted  beyond  recuperation.   This  has  led  to  a 
migration  of  the  Kekchi  Indians  northwards  into  the  unin- 
habited Peten  lowland,  where  they  unerringly  select  the 
Sepur  shales  for  cultivation.   The  Kekchi  Indians  now 
occupy  a  much  greater  area  than  at  the  time  of  the  Spanish 
conquest. 

In  Alta  Verapaz  the  Indians  either  work  on  the  fincas 
or  subsist  on  their  own  crops  of  corn,  beans  and  chile.   In 
either  case,  theirs  is  little  more  than  a  subsistence 

economy.   Spanish  is  spoken  in  the  few  small  towns  and 

>  f  i 

along  the  roads.   Elsewhere  only  Kekchi  or  Pokomchi  is 

spoken.   Spanish-Kekchi  interpreters  were  necessary  for 
work  in  these  areas.   One  of  the  main  impediments  to  the 
field  work  was  obtaining  dependable  Spanish- speaking  guides. 
Alta  Verapaz  is  a  mountainous  district  with  topographic 
relief  of  about  3000  meters.   Airline  distances  have  little 
meaning  in  this  rugged  region.   Distances  are  commonly 
measured  in  terms  of  time  by  the  natives.   Thus,  if  one 
asks  how  far  it  is  to  a  certain  place,  they  are  likely  to 
answer  "from  sunrise  to  mid-day,"  or  "three  days  walk," 
as  the  case  may  be. 
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Climate 

An  average  of  about  3000-4000  mm  of  rain  per  year  falls 
in  the  region,  with  a  heavy  concentration  from  May  through 
November  (see  Sapper,  1901).   Despite  this  heavy  rainfall, 
it  has  been  my  experience  that  field  work  may  be  carried 
on  at  any  period  of  the  year  without  too  much  loss  of  time 
. due  to  rain.   However,  deep  mud  and  high  water  in  streams 
make  mapping  considerably  more  difficult  and  uncomfortable. 

Above  500  meters  elevation,  the  yearly  temperature 
ranges  approximately  from  12*^  to  32^  Celsius,  with  an 
average  of  about  19°  C.  (see  Sapper,  1901) .   At  lower  ele- 
vations the  temperature  is  higher  and  the  weather  con- 
siderably more  uncomfortable.   I  found  the  climate  pleasant 
in  the  region,  except  for  the  low-lying  Rio  Polochic  flood- 
I   plain  and  the  Cahabon  valley,  where  the  heat  and  blazing 
sun  are  overbearing. 

Accessibility 

i: 

I 

I       Roads  are  few,  unpaved,  and  very  poor,  but  trails  cross 

I 

I  most  of  the  area.   In  the  trackless  northern  part  of  the 
I   region.  Union  Oil  Co.  of  California  cut  trails  for  petro- 
ls  leum  exploration.   This  is  a  laborious,  costly  undertaking. 
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Today  there  are  no  trails  across,  or  even  into,  the  central 
part  of  the  Sierra  de  las  Minas  from  Alta  Verapaz. 

The  southeast  corner  of  the  map  area  can  be  reached 
via  all-weather  road  in  about  eight  hours  from  Guatemala 
City,  which  is  about  3  hours  flight  from  Miami  or  New 
Orleans.   Some  of  the  less  accessible  parts  of  the  area 
mapped  are  several  days  walk  from  the  nearest  road. 

Base  Maps  and  Methods 

No  base  maps  of  the  region  existed  at  the  time  field 
studies  were  initiated.   Most  of  the  work  was  based  on 
1:60,000  (average)  scale  aerial  photographs.   Where  rain 
\        forest  cover  rendered  the  aerial  photographs  useless  for 

4 

\        location,  pace-and-compass  surveys  were  used  for  horizontal 
I       control.   Elevation  control  was  by  means  of  altimeters;  a 
{       daily  variation  of  about  100  meters  was  not  considered 
1   critical  because  of  the  great  relief  and  reconnaissance 

nature  of  the  work. 
i        For  a  base  map,  a  photomosaic  of  approximately  250 
f   photographs  covering  13,000  square  km  was  constructed. 
Photo-identifiable,  first-order  triangulation  stations 
were  used  to  establish  an  accurate  framework  for  the 
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mosaic.   The  great  topographic  relief  in  the  region  creates 
considerable  distortion  in  the  mosaic,  which  was  corrected 
only  in  the  most  general  terms.   Subsequent  to  the  field 
work,  preliminary  copies  of  1:250,000  scale  topographic 
maps  became  available.   These  maps  were  enlarged  to  a 
scale  of  1:125,000  and  the  geologic  map  adjusted  to  the  new 
topographic  base.   It  is  expected  that  the  area  will  be 
covered  by  1:50,000  scale  topographic  maps  within  the  next 
few  years. 

Reference  in  the  text  is  made  to  "Ermita. "   Ermitas 

r  ' 

are  religious  shrines  or  chapels.   Usually  they  are  located  I 

i 

on  hilltops,  and  are  used  by  the  Indians  as  their  religious 

I 
and  communal  centers.   All  travelers  are  welcome  to  sleep   > 

on  their  earthen  floors.   As  the  sites  of  the  Ermitas  are 
permanent  and  well  known  to  all  the  Indians,  I  have  fre- 
quently used  them  as  geographic  reference  points,  as  well 
as  for  passing  the  night. 

To  aid  in  location,  geographic  localities  mentioned 
in  the  text  are  followed  by  a  letter  and  number  which  are 
keyed  to  coordinates  on  the  geologic  map. 
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Physiography 

Physiographic  trends,  strongly  controlled  by  geologic 
structure,  extend  east-northeast  in  the  area.   Elevations 
generally  decrease  northward  and  eastward.   The  headwaters 
of  the  major  streams,  the  Rios  Polochic  and  Cahabon,  are 
just  outside  the  southwest  corner  of  the  map  area.   The 
Rio  Polochic  flows  east,  but  the  Cahabon  takes  a  circuitous 
course,  flowing  north  to  Coban,  then  east  and  south  to  join 
the  Rio  Polochic  at  Cahaboncito  (F-C) .   The  Cahabon  never 
developes  a  wide  flood  plain.   In  places,  notably  in  the 
Cretaceous  carbonates  east  of  Coban,  it  flows  in  an  impos- 
ing chasm  (1,  2,  3  E) .   Navigation  in  the  swift-flowing 
stream  is  impossible.   The  few  canoe  crossings  or  "ferries" 
usually  provide  something  of  an  adventure.   Some  of  the 
smaller  streams  are  crossed  by  primitive,  vine  suspension 
bridges. 

The  Rio  Polochic  and  its  main  upstream  tributary,  the 
Rio  Panima  (1,  2,  3  A) ,  are  fault  controlled.  They  flow 
in  deep  valleys  of  shattered  and  disturbed  rocks.   One  is 
reminded  of  Srtietana '  s  Moldau  as  he  drives  down  the  road 
along  the  Rio  Polochic  from  its  headwaters.   The  road 
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crosses  and  recrosses  the  stream  in  a  narrow,  profound 
valley:   the  volume  of  water  progresses  from  a  trickle  to 
a  torrent  at  successive  crossings,  with  an  appropriate 

increase  in  roar.   The  river  valley  changes  character 

i 

j    where  it  suddenly  bursts  out  of  the  mountains  at  Puente 

i 

I    Chasco  (3  B) .   Here,  at  the  western  terminus  of  the 

I    Izabal  graben,  the  river  develops  a  broad  meander  system 

j,   and  floodplain.   The  river  is  navigable  by  shallow  draft 

j*   craft  upstream  to  Teleman  (5B)  . 

The  Rio  Polochic  floodplain  in  the  Izabal  graben  is 
the  only  flat  land  in  the  map  area.  Now  that  the  threat 
of  malaria  has  lessened,  the  tropical  rain  forest  is 

•';   rapidly  being  cleared  for  agricultural  purposes.   Mechani- 

I   zation  is  feasible  here,  with  a  resultant  productivity  many 

,1 

I   times  greater  than  the  primitive  slash-burn  methods  still 

i   used  by  the  Indians  in  the  rest  of  the  region. 

I' 

I  The  geomorphology  of  the  region  is  worthy  of  indepen- 

f 

?   dent  studies.   An  extensive  Kegelkarst  has  developed  on 

I 

t     the  carbonates,  especially  the  Coban  and  Chochal  Forma- 

I  tions.   Traces  of  an  old  terrace  are  present  on  the  steep 

I 

P   slopes  of  the  Rio  Panima  valley.   Within  the  Izabal  graben, 

r  • 

there  are  at  least  two  terraces  of  the  Rio  Polochic 
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floodplain. 

Sierra  de  las  Minas 

Very  little  is  known  of  the  Sierra  de  las  Minas. 
Almost  perpetually  bathed  in  clouds,  it  was  the  last  region  j 
of  the  republic  to  be  covered  by  aerial  photographs.   The    ' 
crest  and  northern  flank  of  the  central  part  of  the  range   I 
.;'   are  perhaps  the  most  inaccessible  area  of  Guatemala.   Dense 
i   tropical  rain  forest,  rugged  topography,  and  a  complete 

absence  of . trails  make  formidable  obstacles.   To  my  know- 
I   ledge,  Franz  Termer  (1939)  made  the  last  crossing  of  the 
f      central  part  of  the  Sierra,  and  he  had  the  help  of  local 
|v   finca  owners  and  a  small  host  of  Indians.   They  covered 
I  "an  airline  distance  of  45  km  in  five  days. 

i 


The  upper  parts  of  the  Sierra  de  las  Minas  in  the  area 
■A 
I  mapped  consist  of  granitic  rocks;  the  lower  reaches  consist 

I  of  Paleozoic  shales  grading  into  schists.   The  highest  peaks 

I 

I  have  an  elevation  of  about  3000  meters.   The  Izabal  graben 

bounding  the  mountains  to  the  north  is  just  a  few  meters 

above  sea  level. 

I 

I       There  is  some  suggestion  that  the  top  of  the  Sierra 

^. 

I  de  las  Minas  is  an  uplifted  erosion  surface.   The  summit  is 
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comparatively  flat  compared  to  the  flanks  and  there  is  some 
concordance  in  peak  heights.   Several  of  the  peaks,  notably 
Volcan, Santo  Toribio^  resemble  inselbergs,  as  the  name  par- 
tially implies.   The  term  "Volcan"  is  a  misnomer.   At 
Chilascd,  on  the  western  extension  of  the  Sierra  de  las 
Minas,  a  remarkable  deep-soiled  erosion  surface  on  mica 
schist  or  granite  is  preserved  at  an  elevation  of  about 
1800  meters. 

It  appears  that  the  Sierra  delas  Minas  is  a  large 
horst  lying  between  the  Motagua  graben  to  the  south,  and 
the  Izabal  graben  to  the  north,  all  part  of  the  Bartlett 
Trough  structural  system. 


ROCK  UNITS 
General  Statement 

Sedimentary,  igneous,  and  metamorphic  rocks  ranging  in 
age  from  pre-late  Pennsylvanian  to  early  Tertiary  are 
exposed  in  the  Alta  Verapaz  orogenic  fold  belt.   The  ages 
of  pre-late  Pennsylvanian  rocks  have  not  been  confirmed, 
but  they  are  probably  Paleozoic. 

A  large  part  of  the  rocks  in  Alta  Verapaz  is  so 
altered  that  it  is  difficult  to  draw  a  distinction  between 
diagenesis  and  low-grade  metamorphism.   In  many  of  the 
cataclasites  and  sedimentary  clastic  rocks,  what  is  herein 
called  sericitization  and  saussuritization  has  altered 
mineral  grains,  lithic  fragments,  matrix  and  cement  to  the 
extent  that  at  times  the  original  mineral  fabric  is 
obscured.   Widespread  "marmorized"  dolomites,  which  have 
been  placed  in  the  Chochal  Formation,  also  fall  into  this 
indeterminate  position  between  diagenetic  alteration  and 
metamorphi  sm . 

In  order  to  avoid  cluttering  the  stratigraphic  litera- 
ture with  a  host  of  names  which  may  have  only  very  localized 

27 


28 

significance,  no  new  names  are  formally  introduced.   The 
stratigraphic  nomenclature  used,  I  think,  is  acceptable 
to  most  workers  in  the  region.   Figure  4  is  a  generalized 
composite  stratigraphic  section  for  the  area. 

The  location  of  critical  fossil  localities  is  shown 
on  the  geologic  map. 

Serpentinite 

Numerous  discontinuous  serpentinite  bodies  extend 
along  the  northern  Central  American  orogenic  belt,  from 
Huehuetenango  eastward  to  the  Bay  Islands  off  the  Honduras 
coast.   Some  are  large  bodies  measured  in  tens  of  kilometers; 
others  are  little  more  than  blebs  squeezed  up  along  the 
fault  zones.   Two  large  continuous  serpenitinite  bodies  are 
present  in  the  Alta  Verapaz  region.   The  southern  one  is 
about  ten  km  wide  and  75  km  long.   It  is  exposed  from  near 
Uspantan,  El  Quiche  (fig.  2) ,  on  the  west  to  the  south- 
western corner  of  the  map  area,  where  it  is  faulted  against 
V  Paleozoic  rocks  of  the  Sierra  de  la  Minas.   The  other  large 
^   body,  with  a  maximum  width  of  20  km,  emerges  in  the  Cahabon 

I-  ■   valley  and  continues  east  for  85  km  where  it  is  overlapped 

I  ^ 

■■:     by  the  Sepur  Fm.  ,  the  Miocene  Rio  Dulce   limestone,  and 
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other  Tertiary  sediments  northeast  of  Lake  Izabal.   This 
serpentinite  forms  the  Sierra  de  Santa  Cruz — for  the  most 
part  rugged  uninhabited  mountains.   Discontinuous  bodies 
of  serpentinite  are  found  to  the  west  along  the  Polochic- 
Chixoy  fault  system.   The  Rio  Motagua  valley  also  contains 
extensive  discontinuous  zones  of  serpentinites  extending 
from  the  volcanic  highlands  to  Puerto  Barrios  on  the  Carib- 
bean coast. 

Ultrabasic  rocks  do  not  crop  out  north  of  the  Sierra 
de  Santa  Cruz;  none  have  been  found  in  the  Maya  Mountains 
or  in  any  of  the  wells  drilled  in  the  Peten  lowland. 

McBirney  (1963)  has  suggested  that  serpentinites  in 
the  Central  Guatemalan  Cordillera  represent  uplifted  por- 
tions of  the  mantle.   This  is  based  on  two  premises: 
(a)  the  Paleozoic  metamorphic  complex  was  possibly  origi- 
nally deposited  on  the  ultramafic  rocks,  and  (b)  the  postu- 
lated amount  of  uplift  necessary  to  erode  the  sedimentary 
column  and  expose  the  metamorphic  rocks  exceeds  the  depth 
to  the  mantle  as  now  found  in  the  Bartlett  Trough. 

The  last  mobilization  of  the  serpentinite,  which  can 
be  determined  by  its  contacts  with  dated  sedimentary 
rocks^  is  still  not  satisfactorily  established.   The  problem 
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is  complicated  by  the  ease  with  which  the  serpentinite  is 
mobilized  in  fault  zones.   Thus  v/e  may  have  serpentinite 
intruding  any  age  rock,  depending  on  the  age  and  locality 
•    of  faulting. 

I         Abundant  ultrabasic  detritus  in  Sepur  rocks  demonstrate 

i 

that  the  Cahabon  serpentinite  is  older  than  the  Sepur  Forma- 
tion of  Campanian-Maestrichtian  age.   Serpentinite  detritus 
was  not  found  in  any  of  the  older  clastic  rocks.   There- 
fore, the  exposure  to  erosion  of  the  Cahabon  serpentinite 

is  tentatively  placed  in  Campanian  time. 

t  •' 

The  southern  serpentinite  has  been  faulted  over  the    | 

•  ! 

sedimentary  sequence  in  the  Santa  Rosa  valley  (fig.  2) , 

i 

including  Sepur  rocks,  which  dates  the  faulting  as  post-    • 

Cretaceous.   The  structural  relationships  of  the  Cahabon 
;;   serpentinite  are  not  clear.   No  obvious  traces  of  large 
,;   bounding  faults  are  present.   Perhaps  the  whole  valley  has 

behaved  as  an  alternately  uplifted  and  dropped  block; 

uplifted  to  unroof  the  ultrabasic  basement,  dropped  to 

'.   receive  the  enormous  Sepur  sedimentary  volume. 

I 

%:  The  Cahabon  serpentinite  is  primarily  a  partially 

serpentinized  harzburgite  containing  prominent  pseudo- 

morphs  of  bastite  after  bronzite.   Although  it  is  abundantly 
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sheared  and  waxy  appearing,  it  is  more  massive  than  the  body 
to  the  south. 

Fricke  (1926)  gives  an  early  rudimentary  chemical 
analysis  of  a  serpentine  from  southwest  of  Cahabon.   The 
analysis  is  as  follows: 
Si02 
"Fe203 
MgO 

'"Gliihverlust"  _ 

101.7 

A  small  serpentinite  body  has  been  squeezed  into  a 
fault  zone  in  Coban  limestone  at  Finca  Buenos  Aires  (2B) , 
north  of  the  Rio  Polochic  near  Pancajche.   Tiny  veinlets 
and  stringers  of  serpentinite  have  invaded  the  limestone, 
probably  as  a  result  of  the  faulting. 

Serpentinite  intrudes  Santa  Rosa  shales  near  Puerto 
Barrios,  and  is  reported  intruding  Permian  limestone  north 
of  Lake  Izabal  and  in  Huehuetenango. 

Two  large  blocks  of  limestone  surrounded  by  serpenti- 
nite occur  at  the  eastern  border  of  the  map  area   near 
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Cahaboncito  (7C) .   The  larger  one  is  of  Campur  limestone, 

measuring  approximately  six  by  two  km.   The  contacts  were 

I 
not  seen,  but  there  were  no  signs  of  contact  metamorphism.  | 

I 

The  limestone  blocks  are  assumed  to  be  tectonic  inclusions, \ 
but  they  may  be  erosional  remnants.  ' 

Contact  metamorphic  effects  associated  with  serpenti- 
nites  were  not  observed  in  the  area.   There  was  no  field 
evidence  which  supports  emplacement  of  the  serpentinite  in 
a  method  other  than  cold  intrusion  along  fault  zones  or 
structural  uplift. 

Exposed  serpentinite  contacts  in  the  region  are  rare. 
Invariably  they  are  covered  by  thick  red  soils  derived  from 
the  serpentinite,  limestone,  or  argillaceous  rocks. 

Diabase 

Small  bodies  of  diabase  are  dispersed  through  the 
Cahabon  serpentinite.   Although  field  relationships  are  not 
clear,  all  are  assumed  to  be  dikes  and  irregular  intrusive 
bodies.   The  diabase  is  more  resistant  to  weathering  than 
the  serpentinite;  commonly  an  isolated  pebble  or  boulder 
of  the  material  is  the  only  sign  of  the  previously  eroded 
ultrabasic  rocks.   These  pebbles  occur  both  as  float,  and 
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as  detritus  in  the  Sepur  Formation.   The  diabase  does  not 
intrude  sediments  overlying  the  serpentinite .   Some  of  the 
best  exposures  of  the  diabase  in  place  are  along  the  Rio 
CahaboH/  at  the  Rio  Oxec  canoe  crossing  (5E) . 

The  diabase  is  usually  an  altered  rock  whether  found 
in  place  or  as  detritus  in  the  Sepur  Formation.   Generally 
it  is  a  uraltized  tholeitic  diabase.   The  augite  is  mostly 
altered  to  green  hornblende.   Interstitial  quartz  is  common, 
sometimes  i^n  a  micrographic  intergrowth  with  alkali  feld- 
spar.  The  labradorite  is  frequently  albitized  and  always 
in  some  stage  of  sericitic  alteration. 

There  are  a  few  occurrences  of  pebbles  and  cobbles 

I- 

I   ranging  in  composition  from  gabbro  to  quartz  diorite  and 

possibly  anorthosite.   These  rocks  were  never  found  in 
place.   Howevel:,  they  are  invariably  associated  with  ser- 
pentinite or  diabase  detritus,  and  probably  represent 
deeper  seated  equivalents  of  the  diabase.   A  good  outcrop 
of  ultrabasic  and  subsilic  gravels  in  the  Sepur  Formation 
is  at  the  western  entrance  to  Lanquin  (3E) . 

I  suspect  that  the  diabase  and  plutonic  equivalents 
are  associated  with  the  genesis  of  the  andesitic  volcanic 
detritus  found  in  the  Sepur  Formation.   Perhaps  the  volcanic 


feeders  were  located  in  the  Cahabon  serpentinite  or  con- 
trolled by  the  faults  which  uplifted  the  serpentinite  mass. 


Plutonic  Rocks 

General  Statement 

I 

^        Granite,  as  used  here,  includes  any  siliceous  plutonic 

! 

|.   rock  ranging  from  granite  to  quartz  diorite  in  composition. 
'   ■      Granitic  rocks  of  pre-Pennsylvanian  age  are  the 
I    oldest  rocks  in  Alta  Verapaz.   They  crop  out  in  two  separate 
zones  of  markedly  different  rock  types.   One,  south  of  the 
Rio  Polochic,  underlies  the  upper  northern  slopes  of  the 
Sierra  de  las  Minas.   The  other  crops  out  on  the  steep 
slopes  to  the  north  of  the  Rio  Polochic,  from  about  Finca 
Santa  Teresa  eastwards  to  the  Rio  Cukanja  (IB) .  .These  out- 
crops can  be  recognized  as  plutonic  rocks  in  the  field, 
as  distinct  from  the  heterogeneous  cataclasite  sequence — 
described  in  the  following  section — which  contains  cataclas- 
tic  granite  as  well  as  zones  of  relatively  undisturbed 
plutonic  rocks. 

Heavy  weathering,  vegetation,  and  severe  faulting 
obscure  contacts  relationships  of  these  rocks,  so  that 
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conclusions  must  be  somewhat  tentative.   In  the  absence  of 
any  definite  intrusive  contacts  and  the  presence  of  granitic 
debris  in  overlying  rocks,  it  is  assumed  that  the  plutonic 
bodies  are  the  oldest  rocks  in  the  area. 

Caution  is  necessary;  it  has  not  been  established 
that  all  of  the  plutonic  rocks  in  the  area  are  of  the  same 
age.   Several  periods  of  plutonism  are  known  in  northern 
Central  America.   Pre-Santa  Rosa  (late  Pennsylvanian) 
granite  intrudes  and  metamorphoses  the  Maya  Series  in  the 
Maya  Mountains  (Dixon,  1956) .   Pre-Santa  Rosa  granites  are 
also  present  in  the  Salama  area  (fig.  2)  (McBirney,  1963) . 
The  Santa  Rosa  group  has  been  intruded  by  pre-Cretaceous 
quartz  porphyry  in  the  Maya  Mountains  (Dixon,  1956),  and 
the  Santa  Rosa  in  El  Quiche  and  Huehuetenango  has  also  been 
intruded.   Cretaceous  plutonism  is  known  from  many  places 
in  the  volcanic  province.   Williams  (1960)  reports  a  92 
million  year  old  diorite  which  intrudes  Cretaceous  lime- 
stones north  of  Guatemala  City.   Finally,  granitic  rocks 
intrude  late  Tertiary  volcanic  rocks  in  the  volcanic 
province,  notably  near  Lake  Atitlan,  and  Concepcion  Las 
Minas  in  southeastern  Guatemala  (fig.  2) .   It  is  obvious 
then,  that  care  must  be  taken  before  assigning  outcrops  of 
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granite,  or  granitic  detritus  in  a  sediment,  to  a  pluton 
of  any  specific  age. 

Polochic  Granite 

The  northern  zone  of  plutonic  rocks  can  best  be  seen 
at  river  level  on  the  north  side  of  the  Rio  Polochic,  west- 
ward from  Finca  Guaxac  (IB) .   Although  this  is  undoubtedly 
mostly  granitic  bedrock,  the  freshest  rocks  are  found  as 
large  bounders  in  small  tributary  streams.   Contact  rela- 
tionships are  not  clear,  but  the  granitic  rocks  are  overlain 
by  cataclasites  and  maroon  conglomerates,  sandstones  and 
shales.   South  of  Finca  Esmeralda,  the  granite  is  overlain 
by  a  thick  zone  of  heavily  weathered  grayish  clays,  which 
may  be  hydrothermally  altered.   The  clays  contain  milky 
white  vein  quartz  sheathed  with  considerable  amounts  of 
graphite.   The  clays  are  overlain  by  cataclasites.   South 
of  Senahu,  the  weathered  plutonic  rocks  of  Rios  San  Juan 
and  Quichija  (4C)  are  overlain  by  deeply  weathered 
arkoses  and  cataclasites,  all  of  which  were  mapped  as 
cataclasites . 

All  the  thin  sections  examined  of  the  plutonic  rocks 
north  of  the  Rio  Polochic  consist  of  myrmekitic  and 
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micrographic  granites.   About  half  of  a  typical  sample,  col- 
lected near  Ermita  Santo  Domingo,  on  the  trail  to  Candelaria, 
consists  of  micrographic  and  myrmekitic  intergrowths  of 
quartz  in  alkali  feldspar.   About  10  per  cent  is  serici- 
tized  alkali  feldspar,  and  the  remainder  is  quartz  and 
accessory  ore. 

Whether  this  is  a  unique  portion  of  the  Sierra  de  las 
Minas  pluton,  or  part  of  a  separate  pluton,  is  unknown. 
Very  little  petrographic  work  has  been  done  with  the  Guate- 
malan granites.   In  view  of  the  quartz  porphyries  and  veins 
of  ore  which  were  found  in  the  cataclasite  sequence,  and 
the  very  rich  mineralized  zones  in  the  overlying  dolomites, 
further  work  in  the  granite  and  cataclasites  may  prove 
economically  significant.   No  work  has  been  done  in  this 
vein  by  mining  geologists  from  the  nearby  Caquipec  lead 
mine. 

Sierra  de  las  Minas  Pluton 

The  Sierra  de  las  Minas  pluton  appears  to  crop  out  con- 
tinuously on  the  southern  border  of  the  study  area.   This 
is  perhaps  the  most  inaccessible  region  of  Guatemala.   I 
was  able  to  reach  granitic  bedrock  only  at  Sinanja  (lA)  and 
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north  of  Finca  Monte  Blanco  (3A) .   Further  west,  at  Sunquin 
(5A) ,  river  debris  and  the  towering  mountains  looming  before 
me  indicated  the  proximity  of  plutonic  rocks.   Doubtless 
the  best  approach  to  the  crest  of  the  Sierra  de  las  Minas 
is  from  the  south.   In  a  traverse  across  the  western  end  of 
these  mountains  from  the  Motagua  valley,  granite  was  found 
east  of  Chilasc<5. 

At  Sinanja  the  plutonic  rocks,  possibly  with  some 
metamorphic  rocks,  are  faulted  against  slaty  Santa  Rosa 
shales.   Weathered  granitic  bedrock  can  be  found  by  ascend- 
ing the  tiny,  abandoned  trail  to  Concepcion,  about  half  a 
kilometer  from  the  vine  suspension  bridge  across  the  Rio 
Sinanja.   South  of  Finca  Monte  Blanco  (IB) ,  it  appears 
that  granites  are  thrust  north  across  mica  schists  to  a 
position  near  the  Santa  Rosa  shales. 

The  plutonic  types  encountered  in  this  zone  range 
from  granite  to  quartz  diorite.   A  relatively  unweathered 
adamellite  from  Finca  Monte  Blanco  has  approximately  the 
following  per  cent  composition:   quartz,  50;  alkali  feld- 
spars, 20;  plagioclase  (ca.An  40),  15;  microcline,  10; 
muscovlte,  3;  biotite  and  chlorite,  2. 
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Metamorphic  Rocks 

Outcrop  Areas 

There  are  two  zones  of  metamorphic  rocks  in  Alta  Vera- 
paz.   One,  poorly  defined  and  little  understood,  lies  to 
the  north  of  the  plutonic  belt  in  the  Sierra  de  las  Minas 
(3A) .   The  other  is  a  zone  of  cataclasites  on  the  north 
side  of  the  Polochic  valley  (1-6B) . 


Sierra  de  las  Minas  Metamorphic  Rocks 


Sparse  exposures,  weathered  outcrops,  and  inaccessi- 
bility hindered  a  proper  appraisal  of  the  metamorphic  rocks 
in  the  northern  Sierra  de  las  Minas;  the  exposures  just 
sufficed  to  indicate  that  there  is  a  zone  of  metamorphic 
rocks  between  the  granites  and  the  Santa  Rosa  shales  in 
this  area.   These  rocks  were  seen  in  place  only  at  two 
localities:   on  the  trail  to  Concepcion,  near  Sinanja 
(lA) ,  and  on  the  trail  to  Finca  Monte  Blanco.   Further 
east  however,  cobbles  of  mica  schist,  quartzite  and  semi- 
schist  in  streams  draining  the  northern  flank  of  the  Sierra 
de  las  Minas  confirm  the  presence  of  metamorphic  rocks. 
Metamorphic  debris  was  found  in  the  Rio  Pueblo  Viejo  at 
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Sunquin  (5A) ,  the  headwaters  of  Rio  Tina j as  (7A) ,  and  Rio 
Zarco  (7A) . 

The  sequence  of  rocks  leading  to  the  granites  south 
of  Finca  Monte  Blanco  (3A)  is  interesting  and  deserving  of 
more  study.   The  trail  from  the  Rio  Panima  climbs  through 
a  succession  of  southward  dipping  Santa  Rosa  shales  until 
about  two  kilometers  south  of  the  finca.   Here  slaty  shales 
become  progressively  more  schistose.   In  the  field  I  had 
the  impression  that  there  was  a  progression  in  the  next 
two  kilometers  from  shales  to  mica  schist  to  "granitic 
schist"  to  coarse  grained  granite.   Exposures  were  weathered 
and  not  continuous.   A  fault  contact  was  placed -between 
the  shales  and  the  granite  on  the  geological  map,  based 
on  aerial  photograph  evidence.   Nevertheless,  here 
as  elsewhere  along  the  northern  slopes  of  the  Sierra  de 
las  Minas,  I  suspected  that  the  Santa  Rosa  shales  were 
grading  into  metamorphic  rocks. 

Thin  sections  show  that  what  I  was  calling  "granitic 
schist"  in  the  field,  near  Finca  Monte  Blanco,  was  indeed, 
part  quartz-biotite  schist  and  part  sheared,  crushed 
granite.   However,  none  of  the  coarser  grained,  obviously 
cataclastic  rocks  which  occur  north  of  the  Rio  Polochic 
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were  found.   Another  rock  from  near  the  granite  contact 
proves  in  thin  section  to  be  made  of  approximately  equal 
parts  of  epidote  and  quartz,  with  a  little  actinolite  and 
accessory  sphene.   This  was  derived  from  a  lime-rich  rock, 
possibly  limestone.   I  could  find  no  definite  zone  of 
intrusive  contact  rocks. 

At  Sinanja  (lA) ,  it  was  unclear  whether  the  badly 
weathered  zone  between  the  black  slaty  Santa  Rosa  shales 
and  the  granites  was  underlain  by  schist,  or  just  a  zone 
of  deeply  weathered  granite.   I  favored  the  former  idea. 

More  work  is  necessary  to  prove  if  there  is  a  grada-   i 
tion  from  the  Santa  Rosa  shales  through  mica  schists  to 
granite,  and  to  determine  the  true  nature  of  this  transi-   , 
tion.   As  a  conservative  measure,  I  presently  take  the 
view  that  the  Santa  Rosa  shales  are  increasing  in  metamor- 
phic  grade  and  have  been  overthrust  by  plutonic  rocks. 
Faulting  and  shearing  have  disturbed  the  contacts,  so  that 
today  poor  exposures  reveal  only  a  transition  from  shales 
to  plutonic  rocks,  probably  through  a  zone  of  sheared  and 
crushed  rocks. 
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Cataclasites 

Paleozoic  cataclastic  granites  and  semischists  are 
exposed  in  a  belt  north  of  the  Rio  Polochic  from  west  of 
Tucuru  (IB)  to  Panzos  (6C) .   Exposures,  although  deeply 
weathered,  are  abundant,  and  can  be  easily  seen  along  the 
all-weather  roads  climbing  steeply  up  the  north  side  of  the 
M      Polochic  valley. 

Sapper  mapped  the  cataclastic  rocks  as  "Krystallin- 
ische  Schiefer,"  which  included  mica  schists  and  other' 
pre-Carboniferous  metamorphic  rocks.   Although  he  didn't 
recognize  the  nature  of  these  rocks,  he  realized  that  they 
were  more  metamorphosed  than  the  surrounding  sediments  and 
therefore  included  them  in  his  Precambrian  metamorphic 
group. 

Upon  first  seeing  the  deeply  weathered  rocks,  the 
apparent  bedding,  the  abundance  of  silty  argilaceoos  material 
and  the  quartz  pebble  conglomerates  made  me  believe  that 
this  was  the  lower,  coarser  part  of  the  Santa  Rosa  group. 
The  smeared,  streaky  appearance  of  much  of  the  material 
showed  that  the  rocks  had  been  som.ewhat  metamorphosed  and 
the  rocks  were  grouped  as  metasediments .   However,  many 
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of  the  slightly  fresher  outcrops  had  an  igneous  appearance. 
The  lighter  colored  ones  were  termed  granite,  quartz 
porphyry  and  augen  gneiss,  although  they  possibly  could 
have  been  meta-arkoses .   Darker  appearing  bodies  were  hesi- 
tatingly called  metagraywacke  and  "greenstone."   In  addi- 
tion, there  were  rocks  of  obviously  higher  metamorphic 
grade,  such  as  amphibolite  and  gneiss. 

Because  of  the  deep  weathering  and  vegetation,  the 
structural  and  stratigraphic  relationships  of  this  bewil- 
dering  series  of  rocks  could  not  be  clearly  discerned. 
There  are  no  sharp  contacts.   The  cataclasites  appear  to 
merge  into  granites,  and  grade  up  to  conglomerates  con- 
taining boulders  of  cataclastic  and  granitic  rocks,  and 
also  maroon  pebbly  sandstones  and  shales.   These  red  beds, 
which  I  have  placed  in  the  Santa  Rosa  group,  or  the  lower 
Chochal  Formation,  may  partially  belong  to  the  undeformed, 
pre-cataclasis  sedimentary  sequence.   All  these  rocks  are 
located  in  a  great  fault  zone  still  active  today. 

Thin  sections  show  that  many  of  these  "metasediments" 
are  crushed  and  sheared  granitic  rocks  and  semischists. 
All  gradations  can  be  seen  of  cataclastic  granite,  augen 
gneiss,  mylonite,  and  semischists.   Sericitic  alteration 
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and  growth  of  the  schistose  matrix  compound  the  difficulty 
of  differentiating  these  rocks  both  in  thin  section  and 
outcrop.   These  rocks  typically  have  porphyroclasts  or 
relic  grains  of  highly  strained  and  fractured  quartz  and 
feldspar  in  a  partially  recrystallized  schistose  matrix 
of  crushed  and  granulated  quartz,  white  mica,  chlorite, 
and  epidote . 

Many  of  the  darker  rocks,  which  in  the  field  ranged 
in  appearance  from  hornblende  quartz  diorite  to  schistose 
metagraywackes  and  "greenstones,"  prove,  in  thin  section, 
to  be  cataclastic  quartz- feldspar-epidote-actinolite  rocks. 

The  cataclastic  rocks  were  produced  through  the  crush- 
ing and  shearing  of  a  varied  suite  of  sediments  and  the 
granite  from  which  they  were  primarily  derived.   These 
rocks  were  originally  mineralogically  similar.   Cataclasis, 
diagenesis,  and  low-grade  metamorphism  have  combined  to 
cloud  textural  distinctions,  so  that  the  original  nature 
of  the  rocks  is  difficult  to  decipher. 

. Quartz  porphyry  within  the  cataclasites  may  have 
been  a  hypabyssal  portion  of  the  original  pluton,  or  per- 
haps dikes  into  the  overlying  sediments.   A  quartz  porphyry 
from  above  Finca  Guaxac  appeared  as  if  it  may  have  been  a 
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dike  in  the  cataclastic  rocks. 

The  more  basic  metamorphic  rocks  within  the  cataclas- 
tic sequence,  such  as  the  quartz-epidote-actinolite  schists 
and  amphibolites  may  have  been  originally  inclusions  in 
the  granite.  Volcanic  rocks  and  graywacke  sediments  could 
have  been  part  of  the  rock  sequence  subject  to  cataclastic 
deformation  and  low-grade  metamorphism,  thus  also  explain- 
ing the  presence  of  more  basic  schists  and  amphibolites. 

A  deep,  broad,  surprisingly  flat-floored  alluviated 
valley  lies  nestled  in  the  rugged  dolomite  mountains  seven 
kilometers  northwest  of  the  cataclasite  zone  (2C) .   The 
alluvium  in  this  valley  is  composed  mainly  of  cataclasite 
debris,  and  in  the  absence  of  bedrock,  it  was  assumed  that 
cataclastic  rocks  underlie  the  valley.   The  simplest  expla- 
nation is  that  the  cataclasite  zone  extends  this  far  north 
and  erosion  of  the  Permian  (?)  dolomites  has  exposed  the 
underlying  rocks. 

The  valley,  known  as  Yalihux,  holds  a  meandering 
stream  and  its  terraces,  and  is  an  extraordinary  sight 
when  glimpsed  from  the  surrounding  mountains.   It  is  the 
only  sizeable  piece  of  flat  land  within  hundreds  of  square 
kilometers. 
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That  the  cataclasites  are  located  in  the  Bartlett 
Trough  structural  trend,  and  are  overlain  by  undeformed 
Permian  rocks,  suggests  that  the  Bartlett  Trough  struc- 
tural zone,  or  an  ancestor,  was  an  extremely  active  zone 
i  •«   of  deformation  in  pre-Permian  time. 

Much  more  work  is  needed  to  determine  the  nature  and 
structural  significance  of  these  cataclastic  rocks. 

Paleozoic  Sedimentary  Rocks 

Santa  Rosa  Group 

General  Statem.ent 

The  oldest  dated  sedimentary  rocks  exposed  in  Alta 
Verapaz,  or  anywhere  in  Central  America,  are  the  shales, 
sandstones,  conglomerates,  and  limestones  of  the 
Pennsylvanian-Permian  Santa  Rosa  group.   Included  in  this 
group  are  the  Macal  Shales  and  Macal  Sandstones  of  British 
Honduras,  the  Tactic  Formation  as  named  by  Walper  (196  0) 
and  modified  by  McBirney  (1963) ,  the  Santa  Rosa  Formation 
as  used  in  Chiapas,  and  the  Santa  Rosa  Formation  histori- 
cally used  in  Guatemala  and  adopted  by  petroleum  explora- 
tion groups  (fig.  5) . 
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The  Santa  Rosa  group,  as  understood  above,  can  be 
broadly  characterized  as:   boulder  conglomerates,  arkosic 
and  graywacke  sandstones  in  the  lower  part  of  the  section; 
shales  and  intercalated  sandstones  grading  up  into  lime- 
stone in  the  upper  part  of  the  section.   The  base  of  the 
overlying  Chochal  Formation  is  picked  at  an  arbitrary 
point  where  the  limestones  begin  to  predominate.   The 
Santa  Rosa  group  is  subject  to  large  scale  facies  changes, 
so  that  the  coarse  clastic  rocks  of  the  lower  section  may 
be  missing  or  replaced  by  finer  clastic  sediments,  and 
the  shales  of  the  upper  section  may  grade  laterally  into 
carbonates.   Although  it  is  generally  believed  that  the 
lower  coarse  section  grades  upward  into  the  finer  clastic 
section,  I  have  not  found  direct  field  evidence  for  this. 
It  is  conceivable  that  considerable  age  differences  exist 
between  some  of  the  units.   I  do  not  think  there  is  a 
rigid  bipartite  division  of  the  Santa  Rosa  group.   Various 
shale  and  sandstones  units,  on  the  order  of  hundreds  of 
meters  thick,  may  be  interspersed  throughout  the  group. 
The  thick  black  shales  on  the  north  side  of  the  Sierra  de 
las  Minas  may  be  considerably  lower  in  the  section  than  the 
shales  of  the  Tactic  Formation,  which  in  many  places  is  the 
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I   uppermost  unit  in  the  group 


Nomenclatural  Problems 

Nomenclatural  difficulties  beset  the  names  Santa  Rosa 
and  the  Mesozoic  Todos  Santos  Formation.   Dollfus  and  Mont- 
Serrat  (1868)  described  the  sedimentary  rocks  north  of  the 
serpentine  at  Santa  Rosa,  Baja  Verapaz  (fig.  6),  and  loosely 


4  Km     (opprox.  ) 


SANTA   ROSA  VALLEY 


CRETACEOUS-  CRETACEOUS 

TERTIARY 


JURASSIC     -   CRETACEOUS 


PENN  -PERMIAN 


Fig.  6  :  Diogrommatic  cross-section  of  the  Santo  Rosa   section  as  interpreted  at  Rresent. 
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and  informally  referred  to  them  as  the  Santa  Rosa  group. 
They  considered  these  rocks — consisting  predominantly  of 
maroon  shales,  sandstones,  and  conglomerates,  but  also 
including  thick  limestones — as  the  oldest  group  of  sedi- 
ments in  Guatemala  and  hypothesized  that  they  were  Triassic 
in  age,  based  on  an  inferred  tripartite  division  of  the 
limestone  and  clastic  units,  which  would  make  them  an  ana- 
logue of  the  classical  Trias  in  Europe.   Limestones  and 
shales  exposed  immediately  to  the  north  of  the  Santa  Rosa 
group  of  rocks  were  recognized  by  Dollfus  and  Mont-Serrat 
as  younger  than  the  Santa  Rosa  rocks.   These  were  loosely 
and  informally  grouped,  and  termed  "Calcaire  Jurassique." 
This  age  was  hesitatingly  applied  on  the  basis  of  fossils 
in  a  collection  at  a  Jesuit  school  in  Guatemala  City.   These 
fossils  were  purportedly  collected  in  northern  Guatemala, 
but  in  reality,  certainly  were  not  collected  near  Santa 
Rosa.   Thus,  Dollfus  and  Mont-Serrat  loosely  and  informally 
set  up  two  groups  of  rocks  which  were  somewhat  different 
from  our  m.odern,  formalized  concept  of  "Group."   It  so 
happens  that  the  Santa  Rosa  group  of  Dollfus  and  Mont- 
Serrat  contains  rocks  of  Permian  and  Mesozoic  age,  and  the 
Calcaire  Jurassique  contains  rocks  of  Pennsylvanian-Permian, 


52 

Mesozoic,  and  Tertiary  age.   Part  of  the  present  Hacienda 

of  Santa  Rosa  itself  rests  on  Cretaceous-Tertiary  Sepur 

shales. 
■| 
I       Sapper  (1894,  1899)  subdivided  these  Santa  Rosa  rocks, 

■r 

;|   retaining  the  name  Santa  Rosa  for  shales,  sandstones,  and 

I   conglomerates  that  form  the  oldest  sedimentary  unit  in 
northern  Central  America,  which  he  considered  to  be  Car- 
boniferous in  age.   While  mapping  in  western  Guatemala  and 

i^  Chiapas,  Sapper  recognized  red  shales,  sandstones,  and 

conglomerates  which  lie  between  Permian  and  Cretaceous  car- 
bonates.  He  named  these  red  beds  the  Todos  Santos  Forma- 
tion, from  a  type  locality  in  Huehuetenango,  noting  that 
they  looked  very  similar,  if  not  indistinguishable,  from 
his  Santa  Rosa  Formation,  and  that  they  were  not  present 
in  Alta  Verapaz. 

Unfortunately,  the  Todos  Santos  Formation  is  precisely 
the  most  conspicuous  unit  in  Dollfus  and  Mont-Serrat ' s 
original  description.   The  dark  gray  and  black  shales  and 
coarser  clastic  rocks  of  Sapper's  definition  of  the  Santa 
Rosa  Formation  have  become  firmly  entrenched  in  usage  as 
the  Santa  Rosa  Formation,  and  are  everywhere  recognizable 
and  mappable,  except  at  the  original  Santa  Rosa  locality 


i  .  " 

of  Dollfus  and  Mont-Serrat.   Thus,  the  name  Santa  Rosa 
Formation  is  everywhere  valid,  except  at  its  type  locality. 
An  argument  can  be  made  that  Sapper's  restricted 
i   Santa  Rosa  Formation  was  included  in  the  original  Dollfus 
and  Mont-Serrat  description,  for  these  rocks  crop  out  in 
the  Tactic  valley,  immediately  adjacent  to  the  Santa  Rosa 

i 

rocks  of  Dollfus  and  Mont-Serrat.   The  latter  authors  are 
not  clear  or  specific,  but  a  careful  study  of  their  pub- 
lication Qp.  214-216,  272-274,  278)  indicates  that  Sapper's 
restricted  Santa  Rosa  Formation  was  included  with  the  Cal- 
caire  Jurassique.   Nevertheless,  it  is  clear  that  Dollfus 
and  Mont-Serrat  miapped  and  included  the  Santa  Rosa  Forma- 
tion (Sapper's  restricted  use)  with  their  Santa  Rosa 
group  in  their  travels  westward  into  El  Quiche. 

I  believe  that  Sapper  miscorrelated  rocks  from  Dollfus 
and  Mont-Serrat ' s  generalized  Santa  Rosa  group  and  applied 
the  name  Santa  Rosa  Formation  to  them.   When  Sapper  did 
find  rocks  that  we  know  are  included  in  the  original  Santa 
Rosa  group,  he  named  them  the  Todos  Santos  Formation. 

Walper  (1960)  recognizing  some  of  the  problems,  recom- 
mended that  the  name  Santa  Rosa  be  dropped  completely, 
substituted  the  name  Tactic  for  Sapper's  Santa  Rosa 
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J   Formation,  and  described  a  type  locality.   McBirncy  (1962) 
I   suggested  that  the  name  Tactic  be  restricted  to  the  upper, 
shaly  part  of  Sapper's  Santa  Rosa  Formation,  and  that  the 
name  Santa  Rosa  Formation  be  retained  for  the  lower,  coarser 
clastic  portion. 

The  name  Santa  Rosa  Formation,  in  Sapper's  sense,  is 
;;   well  established.   Dollfus  and  Mont-Serrat '  s  informal  Santa 
f   Rosa  group  also  is  a  very  useful  term  in  a  region  where 
*'"   geological  mapping  is  still  in  its  infancy.   Therefore,  I 
am  in  agreement  with  Bohnenberger ' s  (1965)  suggestion  that 
the  name  Santa  Rosa  be  retained  as  a  group  term  for  the 
clastic  sediments  underlying  the  Permian  carbonates.   How- 
ever, as  the  term  was  not  originally  used  in  a  formal 
sense,  and  we  are  not  using  the  term  as  originally  defined, 

^.   I  do  not  capitalize  the  v/ord  "group"  in  order  to  retain  its 

I 

informal  sense. 

It  is  here  recom^.ended  that  the  term  Santa  Rosa  group 
be  restricted  to  those  clastic  sediments  lying  beneath  the 
Chochal  carbonates  and  above  the  crystalline  rocks  of  north- 
ern Central  America.   Where  rocks  can  be  correlated,  the 
name  Tactic  Formation  may  be  applied  to  the  shales  as 
described  by  Walper.   As  mapping  progresses,  other  mappable 
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units  may  be  delineated.   New  formations  can  be  neuTiCd, 
including  improved  definitions  of  the  coarser  clastic  por- 
tions of  the  Santa  Rosa  group,  which  to  avoid  more  confu- 
sion, should  preferably  not  be  called  Santa  Rosa  Formation. 
In  this  study,  I  refer  to  the  Santa  Rosa  group  as  here 
redefined.   Where  I  am  confident  that  the  rocks  can  be 
correlated  with  Walper ' s  type  locality,  I  refer  to  the 
Tactic  Formation;  otherwise  I  use  Santa  Rosa  group,  or  a 
lithologic  term,  such  as  "Santa  Rosa  sandstones." 

Contacts  and  Correlations 


The  base  of  the  Santa  Rosa  group  is  highly  variable. 
In  Alta  Verapaz  it  is  either  missing  due  to  faulting,  in 
fault  contact  with  granite,  or  grades  into  cataclasites 
which  incorporate  both  granite  and  Santa  Rosa  rocks.   To 
the  south,  in  Baja  Verapaz,  the  Santa  Rosa  either  rests  on 
granite  or  grades  into  metamorphic  rocks  of  the  Cnuacus 
Series.   In  the  Maya  Mountains  of  Belice,  the  Santa  Rosa 
rests  unconformably  upon  metasediments  of  the  Maya  Series 
and  is  intruded  by  quartz  porphyry.   To  the  west  of  Alta 
Verapaz,  in  El  Quiche  and  Huehuetenango,  the  Santa  Rosa 
is  underlain  and  also  intruded  by  granite. 
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Brachiopods  found  by  Dixon  (1956)  in  the  lower  part  of 
the  Macal  Series  in  the  Maya  Mountains  were  determined  to 
be  late  Pennsylvanian  in  age  by  Muir-Wood.   Higher  in  the 
section,  Dixon  found  Perrinites  hilli,  a  diagnostic  Leonar- 
dian  anrnionoid.   Ross  (1962)  described  Permian  fusulinids 
from  the  upper  part  of  the  Macal  Series. 

In  Alta  Verapaz,  the  gradationally  overlying  Chochal 
Formation  contains  Leonardian  fusulinids.   Thus  the  minimum 
age  range  of  the  Santa  Rosa  group  is  late  Pennsylvanian  to 
mid-Permian.   In  view  of  the  varied,  unconformable  nature 
of  the  lower  Santa  Rosa,  and  the  thick  section  kno^^m  to 
exist  beneath  the  oldest  fossil-bearing  horizons,  older 
sediments  are  present  within,  or  beneath  the  Santa  Rosa 
group  in  northern  Central  America.   (See  fig.  5)  . 

Although  evidence  is  limited,  it  is  probable  that  the 
sediment  source  for  the  Santa  Rosa  group,  i.e.  the  late 
Paleozoic  topographic  high,  corresponds  with  the  present 
day  geanticlinal  core  of  northern  Central  America.   In 
general  the  sediments  seem  to  become  finer  grained  both 
north  and  south  of  this  axis.   Therefore,  portions  of  what 
appear  to  be  upper  and  lower  parts  of  the  Santa  Rosa 
group  are  really  facies  equivalents.   This  also  holds  true 
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for  relationships  between  the  finer  clastic  sediments  of 
the  Santa  Rosa  and  the  overlying  Chochal  carbonates. 
Attempts  to  subdivide  these  rocks  on  a  time  basis  are 
unwarranted. . 

The  Macal  Series  in  the  Maya  iMountains  is  over  2900 
meters  thick.   In  Chiapas,  the  Santa  Rosa  exceeds  2600 
meters.   There  are  no  good  sections  exposed  in  Alta  Verapaz, 
but  its  maximuni  exposed  thickness  is  possibly  in  the  order 
of  1000  meters.   Probably  the  black  slaty  shales  on  the 
north  flank  of  the  Sierra  de  las  Minas  are  considerably 
thicker  than  this. 


Santa  Rosa  Red  Beds  and  Conglomerates 

Red  beds  and  conglomerates  which  overlie  the  cata- 
clasites  and  underlie  unfossiliferous  Permian  (?)  dolomiite 
1 1  have  been  tentatively  assigned  to  the  Santa  Rosa  group. 
Should  the  dolomites  prove  to  be  Cretaceous,  it  does  not 

j   necessarily  invalidate  the  Paleozoic  age  of  the  red  beds. 

■^'' 

Cretaceous  carbonates  may  be  resting  directly  on  Paleozoic 
rocks,  as  occurs  in  the  Maya  Mountains.   The  only  red  beds 
■^-   assigned  to  the  Todos  Santos  Formation  are  those  that  appear 
to  lie  between  Permian  and  Cretaceous  carbonates  on  the 
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Senahu  anticline  (4C) . 

Future  work  may  more  properly  delimit  these  rocks,  but 
for  the  present  it  is  essential  to  recognize  the  problem 
of  multiple  red-bed  units.   It  is  all  too  easy  to  assign 
any  conglomerate  or  red  bed  to  the  Todos  Santos  Formation 
because  of  the  well-exposed  section  of  Todos  Santos  red 
beds  at  Santa  Rosa.   Regional  mapping  however,  shows  that 
I     in  addition  to  the  Santa  Rosa  group,  the  Chochal,  Todos 

Santos,  Coban  and  Sepur  Formations  all  contain  red  shales. 
With  poor  exposures,  absence  of  fossils,  and  complicated 
structure,  these  are  not  always  readily  differentiated. 

I 

I  Sapper  marked  small  areas  as  "Santa  Rosa  or  Sepur"  on  his 

I  map  of  Alta  Verapaz  (Sapper,  1901) .   He  thought  that  the 

I  Todos  Santos  was  completely  missing  in  Alta  Verapaz,  and 

I  assigned  all  the  Paleozoic  and  Mesozoic  shales — even  some 

I 

I     Sepur  shales — to  the  Santa  Rosa  Formation. 
I 

The  red  beds  range  from  shales  to  boulder  conglomerates, 

Green,  tan,  cream,  and  gray  are  subordinate  to  the  dominant 

maroon  color.   Bedding  ranges  from  several  centimeters  to 

alm.ost  two  meters  thick  for  some  of  the  conglomerates. 

Although  many  of  the  rocks  are  very  micaceous,  they  are 

not  consistently  so.   On  Cerro  Pelon,  east  of  Finca 
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Pantic  (IB),  several  meters  of  cream  to  white,  very  thin- 
bedded,  laminated,  coarsely  recrystallized  limestone  are 
interbedded  with  vertically  dipping  red  beds.   Smeared 
lithoclasts  of  black  shale  give  these  limestones  the  appear- 
ance of  a  recrystallized  gouge.   Rare  boulders  of  unfossili- 
ferous  tan  limestone  conglomerate  are  also  found. 

A  thin  zone  of  gritty  maroon  arkose  occurs  beneath 
Chochal  dolomites  at  Sinanja  (lA) ,  and  north  of  Finca 
Coyocte,  on  the  trail  to  Caquipec  (IC) . 

Although  there  is  considerable  variation  in  composi- 
tion, petrographically  the  conglomerates  and  red  beds, 
both  Santa  Rosa  and  Todos  Santos,  are  very  similar.   As 
these  sediments  are  derived  in  large  part  from  the  same 
rocks  and  have  been  somewhat  altered  subsequently,  it  is 
not  surprising  that  they  are  similar. 

Assigning  the  conglomerates  and  red  beds  to  the  Santa 
Rosa  group  is  in  keeping  with  the  idea  of  a  coarse-clastic 
basal  unit  in  the  Santa  Rosa.   Some  of  these  grade  down 
into  the  cataclastic  sedimentary  rocks,  which  quite  proper- 
ly could  be  included  in  the  Santa  Rosa  group.   As  the 
cataclastic  rocks  also  grade  into  granites,  it  was  preferable 
to  group  all  the  cataclasites  as  a  mappable  unit. 
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North  of  the  Polochic  valley,  the  oldest  rocks  of  the 
Santa  Rosa  group  are  clayey  silty  conglomerates  resting  on 
cataclastic  rocks  in  and  north  'of  the  valley.   They  occur 
in  structurally  complex  zones  and  make  up  a  large  part  of 
the  floodplain  boulders.   The  rock  is  composed  of  the  fol- 
lowing approximate  percentages:   pebbles  and  cobbles,  50; 
clay,  40;  sand  and  silt,  10.   Over  half  the  pebbles  and 
cobbles  consist  of  cataclasites  and  mica  schist,  with 
lesser  amounts  of  quartzite,  talc  schist,  milky  white 
quartz,  and  quartz  porphyry.   The  sand  and  silt  contain 
metamorphic  rock  fragments,  both  highly  strained  and 
unstrained  quartz,,  alkali  feldspars,  euhedral  grains  of 
sodic  plagioclase,  chert,  volcanic  rock  fragments,  musco- 
vite,  and  ore — mainly  magnetite  and  pyrite.   The  purple- 
gray  clay  is  almost  completely  sericitic.   Much  of  this 
sericitic  material  was  originally  alkali  feldspar,  as  these 
minerals  are  every^v'here  undergoing  sericitic  alteration. 
Although  the  pebbles  and  cobbles  are  not  remetamorphosed 
or  stretched,  the  rock  has  a  smeared,  somewhat  schistose 
appearance  in  outcrop  due  to  the  sericitic  alteration. 

Great  quantities  of  the  conglomerate  are  in  flood- 
plains  and  terraces  on  the  north  side  of  the  Rio  Polochic, 
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from  east  of  Tamahu  to  Boca  Nucva  (1-GB) .   Especially  note- 
worthy and  easily  accessible  are  the  large  boulders  adja- 
cent to  the  road  about  seven  kilometers  east  of  Tamahu, 
the  tremendous  boulders  at  Cabanas,  on  the  road  up  to 
Finca  Moca  (3B) ;  the  terrace  east  of  La  Tinta  (3B) ,    and 
the  boulders  at  Finca  Sacsuha'  (4B) ,  about  two  kilometers 

east  of  La  Tinta.   At  Finca  Pantic  (IB)  and  Finca  Sacsuha, 
t 
I    the  conglomerates  contain  some  pebbles  and  cobbles  of 

I    unfossiliferous  limestone.   On  the  small  v/ooded  hill  north 
of  Finca  Sacsuha  there  are  a  few  Very  poorly  exposed  out- 
crops of  the  conglomerate.   The  conglomerates  on  the  road 
to  Finca  Argentina  are  better  exposed.   Here  they  are  asso- 
ciated with  red  beds  in  a  series  of  V-turns  as  the  road 
crosses  two  brooks  two  km  west  of  the  Los  Alpes  crossroads 
(3B)  .   Conformably  overlying  these  conglomierates  are  some 
black,  well-bedded,  fissile  shales  and  tan,  cross-bedded 
siltstone. 

Santa  Rosa  conglomerates  are  the  basal  unit  lying  on 
the  cataclastic  rocks,  although  nowhere  did  I  see  a  clear 
contact  where  the  conglomerate  rested  directly  on  catacla- 
sites  or  granite.   However,  large  boulders  of  the  con- 
glomerate are  usually  found  near  or  on  exposures  of  granitic 
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I   or  cataclastic  rocks,  and  near  the  base  of  the  sedimentary 

i 

K   section.   Equally  difficult  to  determine  is  what  directlv 

;';   overlies  the  conglomerates.   In  places,  boulders  of  the 
conglomerate  are  associated  with  red  beds,  such  as  in  the 
Polochic  valley  from  east  of  Tamahu  to  Guaxac  (IB) .   In  the 
Finca  Argentina  valley,  the  conglomerate  is  interbedded 
with  red  beds.   Although  a  conglomerate  appears  to  be  over- 
lain by  black  dolomite  in  the  Rio  Cukanja  valley  (IB) ,  it 

')      is  part  of  a  fault  splinter. 

i       As  an  example  of  rapid  facies  changes  in  the  Santa 

Rosa  group,  the  Macal  Sandstone  in  Belice  thickens  from  150 
to  1050  meters,  with  a  corresponding  thinning  of  the  Macal 
Shales,  in  a  distance  of  35  kilometers  (Dixon,  1956) . 
Although  part  of  the  Macal  Series  is  time  equivalent  to  the 
Chochal  carbonates,  thick  Permian  carbonates  are  missing  in 
the  Macal  Series,  except  for  15-30  meters  of  a  crinoidal 
limestone  (fig.  5) . 

Tactic- Formation 

The  Tactic  Formation  is  composed  of  tan  weathering, 
well-bedded,  fissile,  tan-gray  to  black  shales  with  minor 
intercalated  ferruginous  arkosic  siltstones  and  sandstones. 
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The  shales  are  frequently  slaty  or  phyllitic.   Interbedded 
limestones  appear  toward  the  top  of  the  section  as  the 
shales  grade  into  the  Chochal  carbonates  and  shales. 

Walper  (1960)  named  the  formation  from  a  type  section 
in  the  Tactic  valley,  about  20  km  west  of  the  study  area. 
He  suggested  that  the  nair.e  Tactic  be  substituted  completely 
for  Sapper's  Santa  Rosa  Formation.   McBirney  (1963),  noting 
that  Walper ' s  type  section  was  incomplete  and  that  coarser 
clastic  parts  of  Sapper's  Santa  Rosa  Formation  were  not 
included,  recomjnended  that  the  Tactic  Form.ation  be  restricted 
to  the  argillaceous,  upper  part  of  the  former  Santa  Rosa 
Formation,  and  that  the  nam.e  Santa  Rosa  Formation  be 
retained  for  the  lower,  coarser  clastic  part.   I  feel  that 
the  name  Santa  Rosa  should  be  used  only  as  an  informal 
group  term.   The  arenaceous,  conglomeratic,  and  various 
argillaceous  units  of  the  Santa  Rosa  group  can  be  nair.ed  as 
they  are  more  adequately  defined. 

All  the  contacts  of  the  Tactic  Formation  are  grada- 
tional;  downv/ard  and  laterally  into  the  Santa  Rosa  group, 
upward  into  the  Chochal  Formation. 

As  all  the  contacts  of  the  Tactic  Formation  are  gra- 
dational  and  must  be  set  at  arbitrary  points,  I  have  found 
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■■   it  preferable  to  group  the  shales  on  the  geologic  nap  v/ith 
the  Chochal  Formation,  or  as  a  unit  in  the  Santa  Rosa  group.. 
The  only  place  where  thick  shales  containing  only  minor 
limestones  directly  underlie  the  Chochal  Formation  is  on 
the  flanks  of  the  Panzal  syncline  (lA)  between  the  Rios 
Polochic  and  Panima.   Fossils  found  here  are  discussed 
under  the  Chochal  Formation. 

In  areas  of  limited  and  poor  exposures,  or  in  struc- 
turally complex  zones,  where  it  was  uncertain  that  Paleo- 
zoic shales  were  part  of  a  thick  shale  sequence,  the  rocks 

1   were  mapped  as  the  Santa  Rosa  group. 

I 

I        The  Tactic  in  Walper ' s  incomplete  type  section  was 
f   248  meters  thick.   A  very  poorly  exposed,  incomplete  sec- 
tion at  Pachilha  (13),  east  of  Tucuru,  exceeds  500  m.eters. 
i   The  Tactic  Formation  varies  in  thickness  as  it  cnanges 
I   facies  to  both  carbonates  and  arenaceous  sedim.ents. 

I  Chochal  Form.ation 


i« 


The  Permian  Chochal  Formation  consists  of  light-  to 
dark-gray  carbonates  with  subordinate  interbedded  black 
shales  that  become  more  commion  towards  the  base.   The  unit 
was  named  by  Roberts  and  Irving  (1957)  from  a  type  section 
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I   in  Huehuetenango.   Sapper  had  referred  to  these  rocks  as 
I   Karbonkalke  and  Dolorait,  in  which  he  included  part  of  the 
Cretaceous  Coban  Formation  as  well.   In  Alta  Verapaz  pau- 
city of  fossils  and  massive  recrystallization  make  it  very 
difficult  to  differentiate  these  two  formations. 
.,  -i        The  Chochal  Formation  crops  out  in  the  northern  fold 
belt  from  Chiapas  to  the  Caribbean.   Northward  there  is  a 
facies  change  to  the  clastic  Macal  Series  which  crops  out 
in  the  Maya  Mountains.   The  Chochal  carbonates  are  not 
,|   present  either  in  the  Maya  Mountains  or  in  anv  of  the  wells 
*   drilled  in  the  Peten  basin.   Nor  have  Permian  carbonates 

,    been  identified  in  the  volcanic  province  of  Central  A.~erica. 

I  I 

It  is  possible  that  marbles  on  the  south  side  of  the 

Sierra  de  las  Minas  belong  to  the  Chochal  Formation,  as  may 
other  metamorphosed  carbonates  and  shales  in  northern  Cen- 

ti 

^    tral  America. 

The  Chochal  Formation  occupies  most  of  the  Panzal 

I I  syncline  in  the  southwestern  part  of  the  map  area.   In 
addition,  it  constitutes  a  cliff- forming  belt  north  of  the 
Rio  Polochic.   Large  areas  of  recrystallized  dolomite  were 
m^apped  as  Chochal  only  on  the  basis  of  inferred  strati- 

•  graphic  position.   Structural  com.plications  make  this 
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extremely  risky,  but  the  completely  recrystallized,  unfos- 
siliferous  rocks  could  not  be  satisfactorily  identified. 
Included  in  this  group  are  the  light-gray  and  black,  sandy- 
weathering  dolomites  in  the  vicinity  of  Senahu  and  north 
of  the  Rio  Polochic.   These  rocks  may  possibly  be  Coban 
dolomites.   In  the  absence  of  fossils,  contacts  drawn 
between  these  two  formations  are  mostly  conjectural. 
There  is  no  well-exposed  or  complete  section  of 
Chochal  rocks  in  the  map  area.   The  northern  flank  of  the 
Panzal  syncline  appears  to  have  a  relatively  undisturbed, 
incomplete  succession,  but  poor  exposures  and  covered 
intervals  did  not  permit  detailed  measurements.   There  is 
an  estimated  1000  meters  of  Chochal  carbonates  and  800 
meters  of  Chochal-Tactic  shales  present  on  the  north  flank 
of  this  syncline. 

The  southern  flank  of  the  Panzal  syncline  at  the 
Suquinay  mine  contains  the  best  exposed  and  most  abundantly 
fossiliferous  Permian  section  in  the  region.   Kling  (1960), 
who  described  fusilinids  from  this  section,  reported  a 
minimum  of  about  1000  meters  of  Permian  rocks  here,  which 
includes  the  upper  part  of  the  Santa  Rosa  shales. 

Identifying  the  base  of  the  Chochal  Formation  is 
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usually  a  problem.   The  Chochal  v;as  mapped  as  any  zone  con- 
taining Permian  carbonates  or  associated  black  shales. 
Ideally  it  is  both  convenient  and  proper  to  select  the  low- 
est thick  limestone  bed  as  the  base  of  the  Chochal  Forma- 
tion.  If  there  were  adequate  exposures,  and  the  upper  and 
lower  limits  of  the  black  shales  beneath  the  Chochal  carbon- 
ates could  be  clearly  defined,  the  formational  name  Tactic 
could  be  satisfactorily  applied  to  these  shales.   However, 
the  situation  is  precisely  the  reverse  in  the  study  area. 
Numerous  thick,  individual  limestone  beds  may  be  concealed 
by  vegetation  and  soil  in  areas  of  poor  exposures.   Thus, 
the  limestone  bed  m.arking  the  base  of  the  Chochal  Formation 
may  be  easily  missed  in  the  field.   As  a  practical  m.easure, 
shales  were  included  in  the  Chochal  Formation  if  there  were 
Permian  carbonates  close  by,  or  the  shales  were  fossili- 
ferous.   Usually  in  this  area,  if  the  shales  are  fossili- 
ferous,  Chochal  limestones  are  nearby. 

The  Todos  Santos  Formiation  unconformiably  and  concor- 
dantly  overlies  the  Chochal  carbonates.   As  the  Todos  Santos 
is  missing  in  much  of  Alta  Verapaz,  the  Cretaceous  Coban 
Formation  rests  directly  on  the  Chochal  Formation.   This 
has  brought  about  formidable  mapping  problems.   With  massive 
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recrystallization  and  in  the  absence  of  fossils,  these  rocks 
represent  a  possible  3000-4000  meters  thickness  of  undif- 
ferentiated carbonates. 

The  Chochal  limestones  are  light-  to  dark-gray  and 
I    black,  thin  to  medium-bedded,  and  poorly  fossiliferous  in 

I    Alta  Verapaz.   Thin-bedded  black  limestone  zones  are  fre- 

( 
I 

quently  very  argillaceous  and  grade  into  black  shales. 

These  rocks  often  contain  a  great  deal  of  pyrite  and  give 

off  a  fetid  odor  upon  fracture.   A  good  exposure  of  this 

lithology  is  on  the  Senahu  road,  at  the  crest  south  of 

Finca  Seamay  (4C) . 

Commonly  Chochal  dolomites  are  completely  recrystal- 

lized,  coarsely  crystalline,  light-gray,  poorly  bedded, 

and  v/eather  to  a  dolomitic  sand.   This  lithology  is  especial- 

I  ly  prominent  in  the  Senahu  area  and  in  the  line  of  cliffs 

|- 
%. 

north  of  the  cataclastic  belt. 

f^  A  distinctive  rock  type  is  a  black,  coarsely  crystal- 

I 

§      line,  sandy-weathering  "marmorized"  dolomite  yielding  a 

I 

-  very  fetid-  odor  v/hen  broken.   This  is  best  seen  at  Finca 

Seamay,  where  it  exhibits  well  developed  flaggy  bedding. 

Similar  rocks  are  found  as  far  west  as  the  Sequila  mine 

(IC) ,  a  few  kilometers  east  of  Caquipec.   One  is  tempted 
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to  consider  the  lithology  as  restricted  to  the  Chochal  Forma- 
tion, but  there  is  no  firm  evidence  to  establish  this 
relationship.   Dark-gray,  sandy-v/eathering  dolomites  are 
interbedded.with  fossiliferous  Coban  limicstones  at  Finca 
Ulpan  (IC) .   However,  the  distinctive  black  dolomite  crops 
out  only  in  the  general  zone  where  Permian  rocks  may  be 
expected,  never  in  areas  restricted  to  Coban  and  younger 
rocks,  such  as  in  northern  Alta  Verapaz.   Of  course,  this 
m.ay  be  due  to  metamorphic  or  "marmorizing"  effects  being 
greater  to  the  south,  in  areas  of  more  intense  deformation 
and  greater  uplift.   An  unsolved  problem  is  the  occurrence 
of  black  dolomite  at  Sequila,  just  a  few  kilometers  from, 
and  on  strike  with,  an  area  of  known  Coban  rocks  at  Cacui- 
pec.   It  is  possible  that  this  lithology  is  due  entirely  to 
secondary  alteration  indiscriminately  affecting  Coban  and 
Chochal  rocks. 

The  commonly  slaty  or  phyllitic  shales  of  the  Chochal 
Formation  are  variegated  rust  to  gray  weathering,  black, 
fissile,  and  often  contain  abundant  pyrite.   Minor  aiTiOunts 
of  gray,  tan-weathering,  silicified,  micaceous,  ferruginous 
siltstones  are  interbedded  v/ith  the  shales. 

Although  it  is  generally  true  that  Santa  Rosa  black 
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-:   shalGs  grade  up  conformably  into  the  Chochal  carbonates, 
i;   this  is  not  always  the  case.   Red  beds  and  conglomerates 
at  or  near  the  base  of  the  Chochal  Formation  are  present 
in  Alta  Verapaz.   Thus,  there  are  at  least  local  unconformi- 
ties in  the  Santa  Rosa-Chochal  interval. 

A  limestone  conglomerate,  perhaps  ten  meters  thick, 
■^   occurs  at  Finca  Trece  Aguas  (5C)  ,  southeast  of  Senahu.   Some 
1   60  per  cent  of  the  rock  is  sand  to  cobble  size  debris  of 


I   angular  and  rounded  limestone  and  dolomite,  which  is  set 

I 

I   in  a  silty  groundmass  containing  unctuous  clasts  of  black 
and  green  shale  and  phyllite. 

A  fusilinid-bearing  lim.estone  conglomicrate  is  exposed 
on  the  road  north  of  Senahu,  above  Finca  Secasin  (4C) . 
Small  exposures  of  limestone-shale  breccias  and  conglomer- 
ates on  the  trail  to  Finca  Seritquiche  (3C)  ,  v/est  of  Senahu, 
may  be  related  to  these  conglomerates,  although  I  believe 
they  are  at  least  partially  fault  breccias. 

Thin  red  shales  and  micaceous  siltstones  occur  in 
Chochal  rocks  at  Fincas  Trece  Aguas  (5C) ,  Actela  (4B) ,  and 
Esmeralda  (IB) .   Other  red  beds  appear  to  overlie  or  grade 
laterally  into  coarse  conglomerates.   These  I  have  tenta- 
tively included  in  the  Chochal  Formation. 


N 
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Stratigraphic  and  structural  problcrns  associated  v/ith 
thGse  red  beds  are  well  illustrated  in  the  valley  in  v;hich 
.Fincas  Argentina  and  Buenos  Aires  are  situated  (2~3B) .   On 
the  eastern  end  of  the  valley  there  are  steeply  dipping, 
repeatedly  faulted  strata  of  red  beds,  unfossiliferous 
doloir.ites  and  limestones,  and  Chochal  shales  and  limestones. 
;:■.   Apart  f;:om  the  Chochal  rocks,  which  contain  crinoid  and 
I.  ■>•   brachiopod  fragments,  I  could  not  determine  the  age  of 

these  beds.   Some  of  the  fault  slivers  contain  interbedded 
carbonates  and  red  beds.   The  valley  is  bound  to  the  north 
by  unfossiliferous,  completely  recrystallized,  sandy- 
weathering  g'ray  dolom.ite.   Along  the  north  side  of  the 
i   f;  .  valley  it  appears  that  red  beds  and  some  conglom.erates 
underlie  and  perhaps  are  interbedded  with  this  dolomite, 
although  here  I  never  found  any  good  exposures  showing  this 
relationship.   Near  Finca  Buenos  Aires  the  presence  of 
Coban  limestone  is  proven  by  boulders  in  the  valley  and 
the  steep  limestone  ridge  to  the  south  which  occasionally 
contain  abundant  m.iliolids.   On  the  geologic  map  I  have 
placed  all  the  red  beds  and  carbonates  in  and  north  of  the 
valley  into  the  Chochal  Formation.   These  red  beds  and 
conglomerates  are  probably  gradational  with  the  Santa  Rosa 
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red  beds;  and  the  conglopAcrates  east  of  Finca  Argentina 
almost  certainly  belong  to  the  lower  part  of  the  Santa 
I        Rosa  conglomerates,  or  the  cataclasite  sequence. 
j        Fossils,  although  more  common  than  in  the  Cohan  Forina- 
!    tion,  are  not  abundant  in  the  Chochal  Formation.   Crinoid 
I    fragments  and  poorly  preserved  molds  of  bryozoans  and 
j    fusilinids  are  occasionally  found  in  shales,  siltstones,  and 
thin  limestones  of  the  lov/ermost  Chochal  Formation.   The 
m.ost  abundant  fossil  rem.ain  in  the  Chochal  limestones  is  a 
hash  of  fine  crinoidal  debris,  best  recognized  by  calcite 
.cleavage  fragments.   These  are  frequently  associated  v;ith 
poorly  preserved  brachiopod  fragments. 

I  rarely  found  fusilinids  in  the  map  area.   The  best 
locality  where  they  were  in  place  is  on  the  road  up  to 
Finca  Moca  (3B) ,  about  two  kilometers  from  the  crossroad. 
,[.„-     Fusilinid-bearinq  boulders  were  encountered  on  the  little 
hill  north  of  the  Finca  Santa  Teresa  crossroad  (IB)  and 
north  of  Cabanas  (3B) ,  on  the  trail  to  Finca  Actela. 

Charles  A.  Ross  of  Western  Washington  State  College 
identified  Parafusilina  biturbinata  Kling  from  the  Moca 
.  sample  and  Parafusilina  erratoseptata  Kling  as  the  domi- 
nant species  in  the  boulders.   Ke  says  thai:  the  fauna  in 
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the  thin  sections  that  I  sent  to  him  is  similar  to  the  one 
illustrated  by  Kling  (196  0)  from  the  Purulha  section.   This 
would  then  be  Leonardian  to  early  Guadalupian  in  age. 

The  sandy  weathering  dolomites  south  of  Finca  Searr.ay 
(4C)  contain  a  zone  of  completely  recrystallized  "ovoids" 
which  I  had  thought,  or  wished,  were  recrystallized  fusili- 
nids.   However,  Dr.  Ross  could  find  no  relict  structure  and 
stated  that  the  thin  section  contained  nothing  that  looked 
like  a  fusilinid. 

Helen  Duncan  of  the  U.S.  National  Muse-um  identified 
the  following  poorly  preserved  bryozoans  from  the  lower 
Chochal  shales  at  the  Finca  Santa  Teresa  crossroad  (12) : 
Fenestella,  Polypora,  Protoretepora  ?,  Seotooora,  rhom- 
boporoid  ?  bryozoan,  and  f istuliporoid  bryozoan — apparently 
a  bifoliate  forra.   She  stated  that  the  samples  contain 
associations  of  bryozoan  genera  that  might  occur  from  the 
Late  iVLississippian  (Chester)  through  the  Permian.   These 
rocks  also  contained  large  crinoid  columnals  and  m.olds  of 
fairly  large  fusulines,  which  R.  C.  Douglass  regarded  as 
probably  indicative  of  Permian  age.   Acetic  acid  residues 
of  several  Chochal   dolom.ites  and  fossiliferous  limestones 
were  barren  of  conodonts. 
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The  Chochal  limestones  in  the  Alta  Vorapaz  region  appeaj 
to  be  younger  than  in  Huehuetenango  (Kling,  i960) .   Since 
the  Chochal  Forraation  was  eroded  in  pre-Todos  Santos  time, 
we  don't  know  how  much  Chochal  limestone  is  missing  at  any 
locality.  '  Permian  carbonate  deposition  took  place  at 
various  times  in  different  localities  in  northern  Central 
AmLcrica.   In  the  Maya  Mountains,  clastic  sedrmontation  con- 
tinued while  the  Chochal  carbonates  were  deposited  in  Alta 
Verapaz,  Huehuetenango  and  Chiapas. 

Mesozoic  Rocks 

Todos  Santos  Formation 

The  Jurassic-Cretaceous  Todos  Santos  red  beds   v/ere 
first  described  by  Dollfus  and  Mont-Serrat  as  part  of  their 
Santa  Rosa  group  north  of  the  Santa  Rosa  valley.   Sapper 
(1894,  1899)  named  the  formation  after  well  exposed  out- 
crops near  the  hamlet  of  Todos  Santos  in  Huehuetenango. 
Although  I  do  not  think  Sapper  really  recognized  rhat  the 
section  at  Santa  Rosa  contained  Todos  Santos  rocks,  he  was 
justified  in  applying  form.ational  status  to  these  younger 
red  beds  which  were  encompassed  in  Dollfus  and  Mcnt-Serrat ' s 
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original  definition  of  the  Santa  Rooa  group. 

Thin-bedded,  maroon,  tan,  and  green  shales  make  up 
most  of  the  limited  Todos  Santos  outcrops  in  eastern  Alta 
Verapaz.   Maroon  miicaceous  siltstones,  very  minor  maroon 
arkosic  pebbly  sandstones,  and  fine  to  mediura-grained,  tan, 
quartzitic  sandstones  are  also  present. 

The  Todos  Santos  Formation  varies  widely  in  thickness 
and  has  a  spotty  distribution — as  might  be  expected  of 
predominantly  continental  deposits  lying  on  an  extensive 
unconformity.   Its  maximum  thickness  in  Huehuetenango  and 
Chiapas  exceeds  1000  meters.   Eastward  along  the  folded 
sedimentary  belt,  the  formiation  is  thinner  and  exposed 
in  discontinuous  bands.   It  is  not  present  in  the  Puerto 
Barrios  region. 

A  narrow  fringe  of  Todos  Santos  red  beds  crops  out 
along  the  v/estern  nose  of  the  Maya  Mountains.   The  rocks 
were  also  encountered  in  wells  on  the  Libertad  arch  and  on 
the  eastern  side  of  the  Peten  basin. 

Red  beds  are  widely  distributed  in  the  volcanic  prov- 
ince of  Guatemala,  El  Salvador  and  Honduras.   It  has  been 
the  practice,  until  recently,  to  assign  many  of  these 
doubtful  red  beds  to  the  Todos  Santos  Formation,  or  its 
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equivalGnt  in  El  Salvador  and  southeast  Guatc.T.ala,  the 
j  .:  Metapan  Formation.   However,  great  care  must  be  taken  to 
distinguish  Todos  Santos  rocks  from  very  similar  Tertiary 
red  beds . 

Sapper,  who  believed  that  the  Todos  Santos  Formation 
I    was  not  present  in  Alta  Verapaz,  assigned  all  exposures 
{■■  ;  of  red  shales  in  that  region  to  his  Santa  Rosa  Formation, 
,    unless  he  v/as  sure  they  belonged  to  his  Tertiary  Sepur 
Formation.   He  repeatedly  stated  that  the  Todos  Santos 
and  Santa  Rosa  were  lithologically  very  similar  and  that 
f'i  he  couldn't  distinguish  them. 

I  have  tentatively  assigned  most  of  the  red  beds  in 
Alta  Verapaz  to  the  lower  Chochal  Formation  and  the  Santa 
I  Rosa  group.   If  this  proves  correct,  the  Todos  Santos 
■$    Formation  is  very  thin  or  missing  in  Alta  Verapaz. 

On  the  Senahu  anticline  (4C)  red  beds  occur  conformably 

I 

I  m  a  faulted,  but  continuously  north  dipping  succession  of 
I  strata  between  the  Chochal  and  Coban  Formations.   It  is 
I  most  likely  that  these  are  Todos  Santos  rocks.   Drainage  on 
carbonates  flows  out  onto  the  impermeable  shales  creating 
flat-floored  alluviated  valleys  such  as  Tzetzimaj  and 
f,    Sepacuite  (4-5C)  .   These  valleys  are  easily  recognized  on 
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i       the  aerial  photographs  and  make  excellent  marker  units 
J   between  the  karstic  Chochal  and  Coban  Formation^.   Hov/cvcr, 
outcrops  are  very  scarce  because  of  the  alluvial  cover, 
which  consists  of  red  raud  and  shale  fragments  with  occasion- 
al arkosic  sandstone  and  limestone  pebbles. 

Also  included  in  the  Todos  Santos  Form.ation  arc  maroon 
shales  and  very  minor  arkosic  and  quartzitic  sandstones 
occur ing  at  Chijolom  and  Fine a  Seabas  (3D) ,  along  the  pro- 

,   longation  of  the  Senahu  anticline. 

4' 
■«'- 

%  In    strong  contrast  to  the  excellent  section  of  Todos 

f      Santos  rocks  near  Santa  Rosa,  there  are  no  good  sections 

I 

I       to  the  east,  where  probably  the  maximum  thickness  of 


I   exposed  red  beds  does  not  exceed  100  meters.   Walper  (1960) 
I   reports  650  meters  of  red  beds  at  the  Santa  Rosa  section. 
I        Richards  (1963)  has  subdivided  the  Todos  Santos  into 
two  formations  in  Kuehuetenango  and  Chiapas.   The  lower, 
more  conglomeratic  part,  with  an  incomplete  thickness  of 
about  850  meters,  retains  the  nam.e  Todos  Santos  Formatiicn. 
The  upper  part,  w^hich  is  more  miarine  and  contains  abundant 
interbedded  limestones,  he  named  the  San  Ricardo  Formation, 
with  a  thickness  of  about  300  meters. 

In  Alta  VeraDaz  this  division  is  not  yet  feasible  and 
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J^  I  have  retained  the  name  TocIog  Santos  for  Lhc  coraplctc 
:  section.   There  are  no  limestones  in  the  Todos  Santos  sec- 
tion at  Santa  Rosa.   However,  on  the  Senahu  anticline,  near 
the  Sepacuite  crossroad,  there  are  some  m.inor  interbedded 
limestones  in  red  beds.   Also  tentatively  included  in  the 
Todos  Santos  Formation  are  tan  and  gray,  well-bedded, 
unfossiliferous  limestone  and  dolom.ites  which  occur  north 
of  Sepacuite  and  south  of  the  Chirikitzak  valley  (5D) . 
■?;       In  northern  Central  T^.erica  the  Todos  Santos  Formation 

I  lies  on  a  great  erosional  surface,  consisting  in  various 

i 

places  of  m.etamorphic,  granitic,  Santa  Rosa  and  Chochal 

rocks.   However,  in  Alta  Verapaz,  Todos  Santos  red  beds 

i 

I   lie  only  on  Chochal  carbonates,  both  unconformably  and 
I  concordantly. 

I       The  lower' part  of  the  conformably  overlying  Coban 

?  ■ 

^      Formation  may  be  partially  a  marine  facies  of  the  upper 

I 

I   Todos  Santos  red  beds  (fig.  7) .   And,  the  formations  may 

■f  grade  into  each  other  through  carbonates  in  the  upper 

Todos  Santos  Formation  or  through  the  evaporices  occurring 

in  the  subsurface  of  the  Peten  basin. 

As  the  Todos  Santos  Formation  lies  on  a  widespread 

erosional  surface  cut  in  a  varied  suite  of  rocks. 
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considerable  variation  occurs  in  its  mincralogic  composi- 
tion.  A  thin  section  of  a  raaroon  lithic  sandstone  from 
Finca  Seabas  (3C)  has  an  approximate  percentage  composition 
as  follows:   quartz,,  both  strained  and  unstrained,  50; 
chert  fragments,  up  to  1  cm  across,  30;  phyllitic  rock 
fragments,  5;  altered  volcanic  rock  fragments  showing  a 
turbid  groundiwass  of  relict  plagioclase  laths,  5;  micro- 
quartz,  sericitic  clay,  and  opaline  cem^ent,  10.   Oxidized 
accessory  magnetite  gives  a  reddish  stain  to  the  rock. 
Some  of  the  chert  appears  to  be  recrystallized  volcanic 
material.   Other  chert  is  definitely  a  radiolarian  chert, 
the  only  such  occurrence,  to  my  knowledge,  in  Guatemiala. 
Although  feldspar  in  this  specimen  is  lacking,  in  other 
Todos  Santos  strata  it  makes  up  to  35  per  cent  of  the  rock. 

Volcanic  debris  was  found  in  various  thin  sections 
from  the  Todos  Santos  Formation.   To  what  extent  the  volcanic 
material  was  derived  from  early  Paleozoic  metavolcanic  rocks, 
from  pre-Todos  Santos  lavas,  or  from  coeval  volcanism,  is 
not  known.   Basaltic  and  andesitic  lavas  lie  beneath  the 
Todos  Santos  Formation  in  Chiapas  (Gutierrez,  1956).   Basic 
volcanic  rocks  within  and  intruding  the  Todos  Santos  in 
Chiapas  have  also  been  reported  by  oil  company  geologists. 
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Probably  there  was  a  rainor  volcanic  episode  in  Todos  Cantos 
time.   I  suspect,  however,  that  most  of  the  volcanic 
material  in  the  Todos  Santos  Formation  was  derived  frora 
Paleozoic  rocks. 

The  only  fossils  I  found  associated  with  the  Todos 
Santos  Formation  were  Cretaceous  miliolids  from  a  narrow 
limestone  zone  in  a  structurally  complex  area  just  east  of 
the  Pinca  Sepacuite  crossroad  (5D)  .   The  m.iliolid  asserriDlage 
appears  similar  to  that  of  some  of  the  fossilif erous  Coban 
rocks.   Because  of  poor  exposures  it  was  not  certain  that 
the  limestone  was  interbedded  with  adjacent  red  beds. 

Miillerried  (1942)  reported  Early  and  Middle  Jurassic 
plant  remains  in  the  lower  Todos  Santos  Formation  in 
Huehuetenango.   The  conformable  and  possibly  gradational 
nature  of  the  Todos  Santos-Coban  contact  indicates  an  Early 
to  mid-Cretaceous  age  for  the  upper  Todos  Santos  strata. 
Unpublished  paleontological  work  of  Keijzer  suggested  to 
Walper  that  the  upper  Todos  Santos  Formation  is  at  least 
Neocom.ian  in  age  (Walper,  196  0)  . 

Richards  (1963)  summ.arizes  the  presently  knov/n  paleon- 
tological data  on  the  Todos  Santos  Formation,  including 
unDublished  information.   The  mollusks  Idoceras,  Waacenia, 
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and  Halobia,  the  Foraminif era  An ch i s n i. r o c y c  1  i n a  honbo:-ti 
and  ?xulo tortus,  and  the  alcja  Cayeuxia  indicate  a  Lato 
Jurassic-Early  Cretaceous  age  for  the  Todos  Santos  Forma- 
tion. 

Both  base  and  top  of  the  formation  are  probably  dif- 
ferent in  age  in  different  places  depending  upon  v/hen  in 
the  unknown  interval — from  approxim.ately  Middle  Perm.ian  to 
Early  Cretaceous — the  red  beds  v/ere  deposited,  and  also 
hov7  much  of  these  continental  and  transitional  red  beds 
were  preserved.   In  addition  the  red  beds  are  almost 
devoid  of  diagnostic  fossils,  so  that  the  age  of  the  lower- 
most beds  remains  in  doubt.   In  topographically  low  areas 
the  carbonate  and  evaporitic  marine  Coban  deposits  would 
lap  on  to  the  continental  and  transitional  Todos  Santos 
rocks  at  an  earlier  date.   Thus  the  upper  part  of  the 
Todos,  Santos  Formation  would  also  vary  in  age. 

Although  the  proper  separation  of  red  beds  in  Central 
America  is  still  in  its  infancy,  it  is  likely  that  the  Todos 
Santos  Formation  and  equivalents  were  deposited  during  a 
period  of  general  emergence  in  Middle  Am.erica.   In  northern 
Central  Ajr.erica  there  is  a  hiatus  through  Triassic  and 
early  Jurassic  tim.e,  and  pre-Cretaceous  sedimentary  rocks 
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are  unknown  in  southern  Central  America.   It  v/ould  be  iocl- 
hardy  to  correlate  all  these  Mesozoic  red  beds,  but  it  is 
quite  likely  that  they  were  deposited  under  similar  con- 
ditions, perhaps  partly  in  independent  troughs  and  basins, 
during  this  period  of  general  emergence. 

Although  gypsum  occurs  in  the  Tcdos  Santos  Formation 
in  the  Chixoy  valley  and  Kuehuetenango,  no  evaporites  were 
found  in  eastern  Alta  Verapaz.   However,  salt  springs  near 
Tamahu  may  stem  from  Todos  Santos  rocks. 

Coban  Formation 

The  Lower  to  Middle  Cretaceous  Coban  Fonr.ation  con- 
sists predominantly  of  light  gray  to  black,  poorly-bedded, 
unfossiliferous  limestone  and  dolomite  with  minor  brov,Ti 
shale  intercalations. 

Sapper  (1894,  1899)  originally  mapped  the  formation 
as  Cobankalke,  nam.ed  after  Coban,  the  capital  of  Alta  Vera- 
paz, which  is  located  on  Coban  limestone.   The  best  sec- 
tions in  the  region  are  found  in  the  Chixoy  valley,  about 
50  km  west  of  the  map  area.   Walper  (1960)  reports  a  total 
of  1680  meters  in  an  incomplete  section  at  this  locality. 
The  China j a  well,  located  40  km  northwest  of  the  map  area. 
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(fig.  2) ,  penetrated  3230  meters  of  Coban  carbonates  and 
evaporites.   However,  most  of  this  was  in  anhydrite.   /vn 
average  complete  thickness  of  the  carbonate  facics  of  the 
formation  probably  exceeds  2  000  meters.   Geologists  measur- 
ing sections  at  various  localities  have  sometimes  managed 
to  subdivide  the  carbonates  into  smaller  units,  but  no  one 
has  been  able  to  map  these  differences  over  larger  areas. 

Extensive  Kegelkarst  has  developed  on  the  Coban  Forma- 
tion,  especially  in  the  region  of  the  deeply  incised  Rio 
Cahabon  southwest  of  Lanquin  (2E) . 

The  Coban  Formation  is  the  most  widely  distributed 
form.ation  in  Central  Araerica,  representing  the  great  Middle 
Cretaceous  transgression.   At  its  great  extent  it  probably 
covered  all  of  northern  Central  Arrierica.   The  Maya  Moun- 
tains, which  were  a  topographic  high  at  the  tim.e,  were 
progressively  onlapped  and  possibly  eventually  comioletely 
covered  by  Cretaceous  seas.   Today  the  formation  is  exposed 
extensively  in  the  northern  part  of  the  Cordilleran  region 
and  in  El  Peten,  in  addition  to  forming  inliers  in  the 
volcanic  province  of  Guatemala,  Honduras  and  El  Salvador. 

The  Coban  Formation  conformably  overlies  the  Tocos 
Santos  Formation.   Locally,  in  Huehuetenango,  there  is  an 
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j  I   angular  unconforraity  between  the  formations  (Roberts  and 

Irving,  1957)  .   In  Alta  Verapaz  it  is  possible  that  an 
'jj      interbedded  argillaceous-calcareous  sequence  in  the  Todos 

'!■ 

1^      Santos   Formation   grades   up   into   the   Coban   Formation  v/ithout 

"i  I 

'■|   any  definite  break.   In  the  Peten  basin,  the  Todos  Santos 

I   Formation  grades  up  to  the  Coban  through  the  e vapor ite 
sequence.   Conformably,  and  probably  gradationally  over- 
lying the  Coban  are  limestones  of  the  Campur  Forxmation. 
Serious  mapping  difficulties  arise  where  the  Todos 
f   Santos  Formation  is  missing,  as  it  is  the  only  easily 
V   recognizable  unit  between  the  Coban  and  Chochal  Formations. 
1       In  Alta  Verapaz  these  formations  are  often  indistinguish- 
I   able;  a  vexing  problem  partly  caused  by  v/idespread  recrystal- 
lization.   Dolomi-cization,  character  of  bedding,  color, 
interbedded  shales,  brecciation,  degree  and  character  of 
alteration  and  weathering,  karst  features  and  physiograpnic 
expression  are  som.e  of  the  features  held  partly  in  coirjr.on 
;   by  the  Coban  and  Chochal  Formations.   Combined  with  the 
paucity  of  fossils  and  the  erratic  nature  of  Todos  Sanros 
deposition  and  preservation,  these  factors  have  stymied 
efforts  to  differentiate  the  formations  with  confidence. 

Dolomites,  which  include  an  unknovvTi  amount  of  Chochal 
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rocks,  make  up  over  half  of  the  total  Coban  exposures.   In 
^,    El  Peten  the  percentage  of  dolomite  is  even  higher.   The 
rocks  are  typically  light  brown,  light  to  dark  gray, 
poorly-bedded,  unfossiliferous,  and  have  a  porous,  rotten 
;■  '  appearance  when  weathered.   Tov/ards  the  north  and  in  El 

I         Peten  the  dolomite  has  a  characteristic  sucrose  texture. 

i' 

.   Here  collapse  and  weathering  make  it  very  difficult  to 

(■    determine  bedding  attitudes.   "Discouraging"  is  the  most 

[    apt  description  of  the  formation  in  El  Peten.   As  the  Coban 

i    is  less  resistant  to  erosion  than  the  overlying  Camour 

\ 

[    Formation,  an  inverted  topography  is  frequently  created  in 

[    El  Peten,  with  the  Campur  synclines  standing  as  topographic 

;    highs. 

^         Intra  formational  brecciation  is  very  comumon  through- 
out the  Coban  Formation.   The  cause  of  this  is  still  specu- 
lative.  Its  widespread  occurrence  in  relatively  undis- 
turbed beds  rules  out  localized  tectonic  activity  and 
faulting.   The  breccias  consist  of  angular,  poorly  sorted 
dolomite  and  limestone  fragments,  sometimes  exceeding  30  cm 
in  length,  in  a  fine-grained  dolomitic  matrix.   Non- 
carbonate  clastic  material  is  absent.   There  was  no  notice- 
able pattern  in  the  size  variation  or  geographic  disuribuuio: 
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of  the  breccia.   Fragmentation  due  to  wave  attack  on  banks 
or  reefs  is  a  possible  explanation.   I  tend  to  discount 
this  however,  because  of  the  complete  absence  of  a  fauna 
which  would  tend  to  live  in  such  an  environment.   Submarine 
slumping  and  deformation,  possibly  associated  with  ma^or 
faulting,  seems  to  be  a  m.ore  plausible  explanation. 

In  view  of  the  tremendous  thickness  of  e vapor ites  in 
the  Coban  Formation  to  the  north,  evaporite- solution  brec- 
ciation  may  be  considered  a  factor  in  the  formation  of  the 
Coban  breccias.   Solution  of  the  evaporites  may  have  brought 
about  widespread  subsidence  and  fragnnentation  of  the  over- 
lying carbonate  strata.   Stanton  (1965)  describes  this 
process.   I  have  not  found  evaporites  in  Coban  outcrops, 
but  this  does  not  rule  out  the  possibility  that  they  have 
been  completely  dissolved.   The  whole  problem  of  breccia- 
tion  in  the  Coban  Formation  is  worthy  of  further  study. 

No  mid-Cretaceous  evaporites  are  exposed  in  the  map 
area  or  in  the  Peten  lowland.   In  the  subsurface  however, 
drilling  indicates  an  evaporite  sequence  which  is  probably 
over  3000  meters  thick.   This  sequence  is  predominantly 
anhydrite,  with  lesser  amounts  of  gypsum  and  interbedded 
carbonates.   One  must  question  whether  some  of  this  great 
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thickiiGss  may  not  be  due  to  flowage  of  evaporites  in  anti- 
clinal structures.   There  is  a  salt  dome  about  50  kn  south- 
west of  the  Chinaja  well  (fig.  2).   Alrr.ost  all  the  wild- 
cat wells  have  been  located  on  anticlinal  structures,  so 
that  the  degree  of  thickening  due  to  flov/age  is  still  a 
moot  point. 

Very  little  information  obtained  from  drilling  in  21 
Peten  has  been  released.   Nevertheless,  it  is  clear  that 
only  minor  amounts  of  mid-Cretaceous  evaporites  crop  out 
on  the  margins  of  the  Peten  basin  and  that  the  lower  part 
of  the  Coban  Formation  undergoes  a  rapid  subsurface  facies 
change  basinwards  to  a  predominantly  evaporite  sequence. 

How  much  of  the  evaporites  stem  from  the  Coban  Forma- 
tion is  problematical.   Gyps-um  in  the  Chixoy  valley  west 
of  San  Cristobal  comes  from  both  the  Todos  Santos  and  Coban 
Formations.   Wells  drilled  on  the  miargins  of  the  Peten  basin 
passed  through  Coban  carbonates  and  varying  thicknesses  of 
interbedded  evaporites  before  entering  red  beds  of  the 
Todos  Santos  Formation,  which  marks  the  bottom  of  the  evapo- 
rite sequence.   The  deepest  well  (Chinaja)  and  some  others 
bottomed  in  evaporites  and  did  not  reach  the  Todos  Santos 
red  beds.   Therefore,  the  thick  evaporites  lie  between  the 
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Coban  and  Todos  Santos  Forractiona.   The  general  opinion  at 
the  time  the  wells  were  drilled  was  that  the  evaporitcs 
were  part  of  the  lower  Coban  Formation  and  probably  Neo- 
comian  in  age. 

From  the  evaporites  and  gradational  contacts  it  appears 
that  the  Todos  Santos-Coban  transition  represents  a  marine 
transgression  over  the  Todos  Santos  continental  deposits. 
Shailov;  water  conditions  prior  to  the  great  mid-Cretaceous 
transgression  provided  the  setting  for  the  tremendous 
evaporite  accumulation.   Possibly  high-angle  faulting 
created  local  basins  similar  to  those  occurring  on  the  north 
rim  of  the  Gulf  of  Mexico  basin  at  about  the  same  time. 
Banks,  or  barrier  bars,  although  still  undiscovered,  may 
have  created  the  restricted  embayment. 

Distinctive  zones  of  thin-bedded,  tan  to  brown  argil- 
laceous limie stones  are  exposed  at  Finca  Secoyou  (IE)  ,  which 
is  south  of  Lanquin  on  the  Coban-Sebol  road,  and  near  Semo- 
coch  (3G) ,  on  the  same  road  south  of  Sebol.   These  are  pos- 
sible equivalents  to  the  thin-bedded  limestone  reported  by 
Walper  in  the  Chixoy  valley.   At  Secoyou,  the  rocks  have  a 
very  bituminous  odor  and  are  potential  source  rocks  for 
petroleumi. 
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IntGrbeddGd  red-weathGring  tan  to  black  fissile  shales 
are  fairly  coimnon  in  the  Coban  Formation.   Because  of  i^oor 
exposures  care  must  be  taken  to  distinguish  these  shales 
from  the  Todos  Santos  and  Chochal  Formations.   Sapper  him- 
self had  a  great  deal  of  trouble  in  this  resr^ect. 

Rudist  fragments  are  comir^on  in  the  unrecrystallized 
rocks,  but  not  so  abundant  as  in  the  overlying  Campur 
Formation.  Probably  the  most  abundant  single  species  in 
the  Coban  Form.ation  is  the  miliolid  Nummo lo cu  1  i n a  heir.i, 
which  ranges  from  Albian  to  Cenomanian  in  age.  Based  on 
the  work  of  Keijzer  (Walper,  196  0) ,  the  Coban  Formation 
ranges  in  age  from  Neocomian  to  Turonian. 

Noel  Brovm  of  Esse  Production  Research  Laboratories, 
identified  Hedbergella  trocoidea  and  representatives  of  the 
Textularia  rioensis  group  in  a  few  of  my  samples,  which  he 
considered  mid-Albian  to  Cenomanian  in  age. 

Despite  the  unf ossiliferous  nature  of  the  formation, 
occasional  thin  zones  contain  an  exceptionally  rich  con- 
centration of  miliolids  making  up  a  foraminiferal  sand. 
Many  of  the   dolomitized  rocks  contain  remnant,  recrystal- 
lized  ovoids  and  other  material  suggestive  of  a  previously 
rich  fauna.   None  of  the  Coban  sam.ples  I  collected  in  the 
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Peten  lowland  contained  a  rocognizablc-  fauna. 

C  am  p  u  r  Fo  r  m  a  t  i  o  n 

The  lower  Senonian  Canipur  Formation  is  predominantly 
a  well-bedded,  light  gray  and  light  brov/n  to  tan,  denoG 
forairiini feral  limestone  containing  abundant  rudist  frag- 
ments.  It  is  widely  exposed  along  the  northern  portion  of 
the  fold  belt  from  Chiapas  to  the  Caribbean,  and  in  the 
Peten  basin.   Vinson  (1962)  naimed  the  formation  for  a  type 
section  south  of  Finca  Cam.pur,  Alta  Verapaz  (2E)  . 

The  Campur  limestones  v/ere  earliest  described  hy 
Sapper  (1894,  1899) ,  who  referred  to  them  as  the  Xreide- 
kalke,  and  recognized  that  they  rested  between  the  Coban 
and  Sepur  Formations.   Apart  from  fne  .Puerto  Barrios  region, 
these  rocks  are  not  found  south  of  the  Polochic  valley. 
One  would  expect  them  to  underlie  the  Sepur  Formation  in 
the  Santa  Rosa  valley,  but  they  have  not  been  reported. 
Possibly  they  have  been  faulted  out  or  eroded  before  Sepur 
deposition.   Another  possibility  is  that  the  Campur  Forma- 
tion was  never  deposited  here.   Although  Coban  age  lime- 
stones occur  throughout  the  volcanic  province,  younger 
limestones  are  lacking.   They  may  have  been  stripped  off. 
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but  quite  likely  the  Late  Cretaceous  uplift  had  begun  in 
earnest,  and  carbonate  deposition  v/as  thin  or  absent  south 
of  the  Polochic  valley. 

Generally  the  Carapur  Formation  is  easily  identified 
in  the  field  by  its  sub- lithographic,  v;ell-bedded,  fossil- 
iferous  character.   Wliere  the  Coban  strata  themselves  are 
dense,  v/ell-bedded  and  contain  floods  of  m.iliolids,  they 
are  indistinguishable  from  the  Campur  Formation  in  the 
field.   If  considerable  dolomitization  or  recrystaliization 
has  taken  place,  as  is  common  in  El  Peten,  the  formations 
are  likev/ise  indistinguishable.   This  presents  serious 
mapping  problems  where  the  formtations  are  tightly  folded 
and  faulted,  such  as  in  the  northern  part  of  the  map  area. 

While  mapping  along  the  Coban-Sebol  road,  I  began  to 
suspect  that  I  was  partially  miapping  degrees  of  dolomiti- 
zation rather  than  primary  formational  differences.   There- 
fore, the  Cretaceous  carbonates  in  that  region  were  subse- 
quently grouped  as  undivided  Cretaceous. 

As  a  rule,  the  Campur  Formtation  is  dense  and  uniform; 
there  are  few  interbedded  shales.   Even  upon  weathering, 
the  pinnacles  projecting  out  of  the  red  soil  retain  a  firm 
appearance,  which  is  in  distinction  to  the  Coban  dolomites. 


93 

A  striking  karst  topography  develops  on  the  Campur  Formation 
This  is  unusually  well  displayed  just  south  of  Marichaj 
(^•D)  ,  where  its  magnificence  has  been  compared  to  the  Karst 
Plateau  by  visiting  geologists  v;ho  have  seen  the  type 
region. 

The  Campur  Formation  conformably  overlies  and  is  gra- 
dational  v/ith  the  Coban  Form.ation;  no  definite  break  between 
the  form.ation s  was  found.   The  overlying  Sepur  Form.ation 
contains  abundant  Campur  fragraents,  thereby  proving  at: 
least  partial  unconformable  relations,  but  I  could  not 
trace  a  widespread  unconform.ity.   The  formations  are  every- 
where concordant  and,  I  believe,  partly  conformable. 

Vinson  (1962)  reports  a  near  complete  but  faulred 
thickness  of  805  mieters  at  the  type  section  and  approxi- 
mately 85  0  meters  on  the  flanks  of  the  China j a  anticline. 
I  could  not  find  a  complete,  well-exposed  section  in  the 
study  area. 

Although  the  Campur  Formation  is  replete  with  rudist 
fragments,  none  were  found  which  exceeded  6  cmi  across.   No 
reefs  or  banks  have  been  recognized  as  yet.   Chubb  (1959) 
discusses  Cretaceous  rudists  from  Chiapas. 

Miliolids  are  by  far  the  m.ost  abundant  organisms  in 
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J   the  Campur  Formation.   Rucli£;t  fraf^mcntsj  and  algae  arc  also 
ubiquitous.   The  fauna  and  litholoyic  character  of  the 
C.-.mpur  rocks  indicate  a  warm,  shallov;  v;ater,  reef  associated 
environment  of  deposition.   No  evaporites  are  associated 

with  this  formation. 

Vinson  (1962)  reports  the  follov/ing  foraminifera 
identified  by  Bronnim.ann  and  Ashv/orth  and  states  that  in 
the  absence  of  diagnostic  Maes^richtian  species,  a  Coniacian 
to  Cam.panian  age  is  indicated:   Stensioina  sp. ,  Siderclites 
spp.,  Valvulsimina  spp.,  Glotruncana  calcarata,  G.    linneiana, 
and  Gumbelina  spp.  (striate  forms) . 

The  following  are  some  forms  identified  by  Noel  Brovm 
from  two  of  my  Cam^pur  samples:   Ataxophragmium,  abundant 
Cuneolina  and/or  Dicyclina,  and  Praerhaoydionina  cub an a. 
He  assigned  these  to  the  Late  Cretaceous. 

Portions  of  the  Campur  Formauion  consist  almost 
entirely  of  a  well-sorted  foraminiferal  sand.   A  typical 
sample  of  this  facies  from  Finca  Volcan  (4D)  consists 
approximately  of  the  following  percentages:   unbroken  milio- 
lids,  60;  porcelaneous  and  agglutinated  foraminifera,  algae, 
rudist  fragments  and  other  biotica,  10;  spar  and  lesser 
micrite,  30.   The  fauna,  good  sorting,  and  paucity  of 


95 

micrito  suggest  a  shallow  v/^ccr,  back-rccf  type  of  deposi- 
tion in  the  presence  of  wave  action  or  currents. 

Campur  deposition  represents  the  v/aning  stages  of  the 
great  Cretaceous  uransgression.   This  was  terminated  by 
upli f-c,  volcanism,  and  large-scale  faulting  which  broke 
the  foriner  shallov/  water  platform  into  a  series  of  ridges 
and  troughs  in  Ser:)ur  time. 

Mesozoic-Cenozoic  Rocks 

Sepur  Formation 

General  Statement 

The  Sepur  Form.ation  was  nam.ed  by  Sapper  (1899)  for 
Tertiary  conglomerates,  sandstones,  shales,  marls,  and 
calcarenites  exposed  in  the  Cordilleran  fold  belt  and 
southern  Peten  lowland.   As  a  type  locality  he  picked  an 
obscure  location  about  four  km  northv/est  of  Finca  Campur, 
Alta  Verapaz  (2E) .   Unfortunately,  there  are  at  least  three 
localities  named  Sepur,  all  with  similar  geologic  and 
physiographic  settings,  on  strike  with  each  other,  and 
located  several  kiloxmeters  to  the  north  of  Cam.pur.   The 
name  Sepur  means  "place  of  the  snail"  m  the  Kekchi  dialect. 
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and  is  a  very  common  place  name,  so  tliat  Sapper's  type 
locaiicy  has  been  frequently  incorrectly  located. 

Sapper  considered  the  formation  lower  Tertiary  on  the 
basis  of  foram.inifera  identified  by  Schwager.   VJith  the 
intensive  work  by  oil  companies  in  recent  years,  it  has 
been    demonstrated  that  foram.inifera  from  the  Sepur  Forma- 
tion range  in  age  from  Campanian  to  early  Eocene.   Contro- 
versy continues  over  these  ages.   Reworking  has  presentee 
a  fcrmddable  problemi,  especially  with  the  Cretaceous  determi- 
nations.  The  Eocene  age  has  been  questioned  by  some  v/ho 
favor  a  late  Paleocene  age  for  the  youngest  Sepur. 

Attempts  have . been  made  to  subdivide  the  Sepur  Forma- 
tion, stimulated  to  a  great  degree,  I  believe,  by  the  Cam- 
panian to  Eocene  age  spread. 

Vinson  (1962)  divided  the  Sepur  Formation  into  the 
Peten  Group  of  early  Eocene  age,  consisting  of  the  Cambio, 
Reform.a,  and  Santa  Amelia  Formiations — all  facies  equiva- 
lents; and  the  Camipanian-Maestrichtian  Verapaz  Group,  con- 
sisting of  the  Lacandon,  Chem.al,  and  Sepur  Formiations.   I 
do  not  find  these  are  mappable  lithologic  unics  in  Alta 
Verapaz,  southern  Peten,  Izabal,  or  Huehuetenango.   Ic 
appears  that  some  of  the  subdivisions  proposed  by  Vinson 
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are  based  on  faunal  dif  fc-rcnccs ,  and  as  such,  are  n^.orc 
likely  biostratigraphic  units  than  formations.   I  think 
that  his  Tertiary  subdivisions  have  more  validity  in  the 
ceniiral  and  northern  Pete'n  lowland,  where  there  is  a  facie s 
change  from  the  Sepur  calcarenite-graywacke-shale  deposits, 
Z.O   platformi-type  sediments,  including  carbonates  and 
evaporites . 

Some  of  the  faunal  differences  in  the  Sepur  Formation 
are  obvious,  such  as  the  distinction  between  the  Car.panian- 
Maestrichtian  and  Paleocene-Eocene  faunas;  others  are 
facies  controlled.   In  spite  of  these  faunal  differences, 
I  could  not  satisfactorily  divide  the  Sepur  Formiation  on 
the  basis  of  lithology  in  Alta  Verapaz,  and  therefore,  have 
found  it  both  prudent  and  expedient  to  retain  Sapper's 
nam^e,  Sepur,  for  the  entire  sequence,  be  it  Cretaceous  or 
Tertiary. 

Perhaps  the  most  obvious  contrasting  lithologies  in 
the  rocks  mapped  as  Sepur  Formation  in  Alta  Verapaz  are 
the  coarse  conglomierates,  calcarenites,  and  limestones, 
which  appear  to  be  more  prevalent  in  the  lower  parts  of  the 
section  as  well  as  to  the  south,  closer  to  the  main  uplift. 
However,  insufficient  evidence  was  obtained  to  place  zhese 
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rocks  specif ically  in  the  section.   Most  likely  these 
litliologies  reflect  local  conditions  and  are  time  trans- 
gressive.   Probably  with  more  detailed  mapping  v/e  shall  be 
able  to  distinguish  valid  raapoable  units  within  the  Scpur 

Formation  of  Alta  Verapaz. 

On  the  basis  of  the  fauna,  it  is  clear  that  the  Ter- 
tiary Sepur  is  present  mostly  in  the  Peten  lowland. 

Distribution  and  Contacts 

The  Sepur  Formation  crops  out  extensively  in  fne 
southern  part  of  the  Peten  basin,  from  Belice  to  Chiapas. 
Further  south,  in  the  folded  belts,  it  is  preserved  in 
linear  synclinal  and  fault-controlled  valleys.   It  is  not 
found  south  of  the  Polochic  valley  except  for  a  sm^all  area 
in  contact  with  serpentinite  near  the  Hacienda  Santa  Rosa 
(fig.  2)  .   The  formation  probably  was  once  m.ore  extensive, 
for  I  also  found  a  Sepur  boulder  in  an  old  terrace  of  the 
Rio  Panima  (lA)  .   In  southern  Belice,  where  it:  is  found  to 
the  south  of  the  Maya  Mountains,  it  is  known  as  the  Toledo 
Formation.   The  widest  expanse  of  Sepur  in  che  map  area  is 
in  the  Cahabon  valley,  starting  at  Lanquin  (3E)  and  expend- 
ing over  7  0  kilometers  to  the  easn,  where  the  valley  narrows 
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and  bifurcates  in  Izabal.   Thiii  outcrop  bolt  is  bound  on 
tna  north  by  a  steep  fault  scarp  of  Campur  limestone,  and 
to  the  south  it  either  overlies  serpentine  or  is  in  fault 
contact  with  the  Carapur. 

The  Sepur  Formation  provides  the  best  soils  in  the 
region,  a  fact  knov/n  to  the  Maya  Indians  since  pre-conqucst 
days.   In  jungle  areas  this  formation  can  be  mapped  on 
aerial  photographs  by  tracing  present  and  past  areas  of 
cultivation,  which  have  been  selectively  tilled  in 
preference  to  the  carbonates.   Improved  access  will  one  day 
make  the  Cahabon  valley  a  rich  agricultural  zone. 

In  general  aspect  the  Sepur  Form.ation  is  faulted, 
dragged,  and  exhibits  high  dips  with  numerous  reversals. 
Structural  com.plications  as  well  as  erosion  have  m.ade  it 
im.possible  to  find  any  complete  section  of  the  form.ation. 
The  nearest  complete  section  probably  occurs  on  the  flanks 
of  the  China j a  anticline  to  the  northwest  of  the  map  area 
(fig.  2)  .   Vinson  (1962)  repoms  a  composite  incomplete 
section  of  574  meters  east  of  Lanquin  (3E) . 

The  thickest  section  I  found  lies  south  of  Cahabon, 
between  Finca  Transval  (4D)  and  the  Tzalamtum  anticline. 
ExDosures  are  neither  continuous  nor  very  good,  but  absence 
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of  any  obvious  major  faulting  raakes  1500  meters  a  reasonable 
minimum  approximation  of  CamiDanian-Maestrichtian  Sepur 
Form.ation  in  this  section.   This  approximate  thickness  was 
derived  fromi  a  rough  triangulation,  based  on  aerial  photo- 
graphs,  which  disregards  possible  m.inor  folding  and  fault- 
ing.  The  total  thickness  of  the  Sepur  Formation  in  this 
zone  may  exceed  3  000  m.eters  (fig.  3)  . 

Most  of  the  Sepur  Form.ation  contacts  are  poorly  exposed 
or  appear  to  be  faulted.   In  somie  places,  as  in  Chemal, 
Huehuetenango  (fig.  2)  and  in  the  Campur  area  (2E) ,  it  is 
possible  that  the  Sepur-Campur  contact  is  gradational 
through  a  zone  of  marls  and  shales.   However,  as  fragir^ents 
of  Camtpur  limestone  are  found  in  the  Sepur,  the  Sepur  For.T.a- 
tion  m:ust  certainly  overlie  the  Campur  Formation  uncon- 
formably  in  some  areas. 

That  the  Sepur  Formation  overlaps  the  Cahabon  serpen- 
tine is  indicated  by  (1)  serpentine  debris  in  the  Sepur 
(2)  serpentine  exposed  through  erosional  windows  in  the 
Sepur  Formation,  especially  in  the  southern  part  of  the 
Cahabon  valley,  and  (3)  a  contact  showing  serpentine  and 
serpentine  debris  grading  up  into  Sepur  shales.   This  last 
rarity  was  found  imjnediately  north  of  Marichaj  (4D)  ,  v;here 
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a  bulldozer  made  a  cut  the  previous  day.   rour  months  Icitcr 
the  outcrop  had  weathered  and  slumped,  concealing  the  con- 
tact.  This  was  the  only  outcrop  of  a  serpentine  contact 
observed  in  the  area,  despite  having  crossed  them  hundreds 
of  times. 

The  Sepur  is  the  youngest  formation  in  Alta  Verapaz. 
In  i]^  Peten,  the  Sepur  Formation  is  overlain  h^^   Tertiary 
shallow  water  and  deltaic  clastic  and  evaporite  sediments, 
reflecting  the  general  regressive  conditions  in  laxier  Ter- 
tiary time.   In  Izabal,  the  Sepur  Formation  is  overlain  by 
sedim.ents  deposited  in  local  continental  and  marginal 
basins,  as  well  as  by  the  Miocene  Rio  Dulce  limestones, 
deposited  in  a  late  Tertiary  embaym.ent  approxim.ately  along 
the  axis  of  the  Polochic  fault  zone. 

Litholoqy  and  Source  of  Sediments 

The  rocks  in  the  Sepur  Formation  range  from,  shales 
to  boulder  conglomierates ;  limestone  is  the  major  deurital 
component  in  the  coarser  size  ranges.   Tan  to  olive-gray 
are  the  dominant  colors.   Comj^aonly  i:he  shales  v/eather  no  a 
vivid  orange  and  red.   The  siltstones,  sandstones,  and 
calcarenites  frequently  have  a  "salt  and  pepper"  appearance. 
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of  ton  with  a  bluish  cast.   Bedding  is  v/cll  developed,  v;ith 
beds  usually  loss  than  30  cm  thick.   The  thick  silts tone, 
sandstone,  and  calcarenite  beds  in  places  exhibit  well 
dovoloped  spheroidal  weathering.   Thin  fissility  is  absent 
in  z-he    shales,  which  usually  have  a  blocky  to  splintery 
fracture.   Where  unweathered,  the  silt stones,  sandstones, 
and  calcarenites  are  hard  and  dense.   At  tirr.es  the  v;ell- 
beddsd  alternations  of  shales  and  sandstones,  the  presence 
of  graded  bedding,  and  the  frequent  mixing  of  shallow  and 
deeper  water  faunas  suggest  a  flysch-like  deposit. 

The  resistant  sandstones  and  calcarenites  often  weather 
in  blocks  and  are  luore  obvious  to  the  observer.   Henca, 
there  is  a  bias  towards  studying  and  sampling  these  more 

i   resistant  units  in  contrast  to  the  easier  weathering  shales 

[   and  siltstones. 

i        From  an  examination  of  num.erous  thin  sections,  great 
petrographic  and  faunal  variations  were  noted  in  the  Sepur 

[   Formation,  but  it  was  not  possible,  at  this  time,  to  con- 
clude that  lithologies  v/ere  different  in  the  Cretaceous 

I   and  Tertiary  parts  of  the  form.ation.   This  is  apart  from 

^   the  consideration,  gathered  from  field  evidence,  that  the 
i 

conglomcerates  becom.e  less  abundant  and  finer  grained 
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northwards  where  the  Tcrciary  portion  of  the  formation  is 
J-   present. 

I        These  are  preliminary  conclusions,  based  on  poor  to 
I   alm.os-c  nonexistent  stratigrarjhic  control  and  haphazard 
sampling.   The  petrology  of  the  Sepur  Formation  warrants 
a  study  in  its  own  right. 

A  large  portion,  probably  more  than  half,  of  the 
sandstone  and  conglom.erate  size  rocks  are  calcarcnites  and 
pebbly  limestone  conglomerates  containing  varying  amounts 
of  non-calcareous  detritus,  mainly  of  volcanic  derivation. 
In  these  rocks  the  limestone  fragments  consist  of  varying 
percentages  of  reworked  calcarenite,  micrite,  rudist 
fragments,  large  foraminif era,  miiliolids  and  other  foram- 
inifera,  algae,  bryozoa,  and  abundant  other  biotica.   The 
matrix  material  and  cement  consists  of  miicrite,  microspar, 
and  spar.   Recrystallization  of  both  fragments  and  matrix 
to  microspar  is  widespread.   Non-carbonate  detritus,  which 
ranges  from  a  trace  to  the  bulk  of  the  rock,  consists  of 
quartz,  discrete  plagioclase  crystals,  andesites,  "green- 
stones," diabase  and  gabbro,  chert  and  devitrified  volcanic 
fragm.ents,  siltstone,  quartzite,  serpentine,  chlorite, 
possible  plutonic  grains,  and  carbonaceous  material. 
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^oricitic  and  sau^jsuritic  alLcjration  is  widu£:prcad  in 

^   mineral  crrains  and  macrix. 

y 

The  finer  grained  sandstones  and  siitstoncs  of  the 
*  Sepur  Formation  are  comparatively  poor  in  carbonate  detri- 
tus, suggesting  that  the  composition  of  the  sedimcnv:  is  to 
a  large  degree  related  to  grain  size.   These  rocks  are 
usually  fairly  well  sorted,  with  sub-angular  to  sub-rounded 
grains  cemented  by  sparry  calcite.   The  idain   detrital  com- 
ponents are  quartz  and  plagioclase,  followed  hy   varying 
percentages  of  altered  andesitic  volcanic  fragir.ents,  car- 
bonates, chert,  diabase,  serpentine  and  chloriiie.   It  is 
f   interesting  to  noue  that  the  percentage  of  plagiociase 

relative  to  quartz  is  much  greater  in  the  coarser  sedim.ents 
of  the  Sepur  Formation;  suggesting  that  with  the  longer 
degradation  producing  the  finer  grain  sizes,  uhe  plagioclase- 
and  the  carbonate  fragraents — are  m.ore  rapidly  broken  do^vTi, 
leading  to  an  enrichment  in  quartz. 

Volcanic  "rock  fragm.ents  in  som.e  strata  m.ake  up  over 
20  per  cent  of  the  rock.   Abundant  altered  andesite  grains 
containing  laths  of  cloudy  oligoclase  in  a  turbid  ground- 
mass  rich  in  chlorite  and  epidote  appear  much  like  spilrtes 
and  keratophyrs.   The  presence  of  chert  fragments  with  the 
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volcanic  detritus,  along  with  the  inferred  cjcolocrical  con- 
ditions during  Scpur  time,  suggest  possible  subraarinc 
volcanism.   Hov/ever,  it  is  not  established  how  r.\uch  of  the 
alTieraiiion  is  due  to  deuteric  effects,  diagencsis,  low- 
grade  r.etamorphism;  or  even  hov/  much  of  the  volcanic  debris 
is  derived  from  Paleozoic  metavolcanic  rocks,  as  suggested 
by  Williams  e_t  _al.  (1964)  from,  their  work  south  of  the 
Sierra  de  las  Minas.   It  is  miV  opinion  that  m.uch  of  the 
alteration  of  the  volcanic  fragm.ents  is  due  to  deuteric 
effects  and  diagenetic  alteration  in  volcanic  rocks 
erupted  during  Sepur  timie. 

Many  of  the  Sepur  shales  are  bentonitic  and  there  are 
som.e  thin  bentonite  layers  distributed  in  the  formation, 
notably  on  the  Coban  road,  about  3  ^-vm  south  of  Canpur  (2£)  . 
What  is  the  age  and  source  of  the  volcanic  material  in 
the  Sepur  Formation?   Metavolcanic  rocks  have  been  recognized 
in  the  Paleozoic  metamorpnic  sequence.   Sparse  volcanic 
debris  is  found  in  the  Santa  Rosa  red  beds,  and  volcanic 
rock  fragments  are  present  in  the  Todos  Santos  Formation, 
possibly  both  reworked  from  the  Paleozoic  rocks  and  derived 
from  Mesozoic  volcanism.   Much  of  the  spilitic  material  in 
the  Sepur  Formation  could  be  attributed  to  the  erosion  of 


107 

these  older  rocks;  no  piilov;  lavas  or  definite  evidence  of 

submcirine  volcanism  has  been  found  anywhere  in  Guatenaia. 
j   One  could  explain  the  presence  of  bentonites  through  the 

I       -     ■       ^    .  ,  , 

^   mecnanism  or  wma-^Dorne  pyroclastics  froni  distant  erup- 
tions, but  these  would  nevertheless  be  conuemporaneous 

i 

eruptions.   The  great  quantities  of  large,  discrete  plagio- 
clase  crystals  in  the  Sepur  ForiTLation  also  indicate  pos- 
sible contemporaneous  volcanism. 
:        Cretaceous  volcanism  is  known  from  andesitic  material 
interbedded  with  Upper  Cretaceous  (Gulfian)  rocks  found  in 
the  Petroleos  Mexicanos  wells  Chiculub  No.  1  (T.D.  1531  m) 
and  Sacapuc  No.  1  (T.D.  1527  m)  in  northern  Yucatan  (Murray 
et  al . ,  1962).   The  wells  were  abandoned  after  drilling 
into  andesitic  lava  for  more  than  190  meters  in  the  Chic- 
xulub  well  and  97  meters  in  the  Sacapuc  well.   This  vol- 
canic zone  may  have  contributed  pyroclastic  m.aterial  to 
the  Sepur  Formation;  more  imiportant,  it  illustrates  the 
possibility  of  Late  Cretaceous  volcanism  in  the  Alta 
Verapaz  area,  5  00  km  to  the  south.   The  possibility  of 
Late  Cretaceous  volcanism  in  Honduras  has  also  been 
reported. 

New  exposures  in  the  Sepur  Form.aTiion  near  Los  Remedies 
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(4E)  ,  on  the  road  under  coniJtruction  LoLwccn  Lanquin  und 
Cahabon,  reveal  conglomerate-  containing  bouidero  of  rcla- 

I   tively  unaltered  andeaite  measuring  more  than  2  0  cm  across. 

I 

|.  The  generally  unaltered  condition,  together  v;ith  the  size 

I  of  the  boulders,  suggest  a  contemporaneous  nearby  source 
for  the  andesite. 

I       Limestone  detritus  in  the  Sepur  Formation  v/as  derived 
from  both  the  underlying  Campur  Formation  and  limestones 
within  the  Sepur  itself.   The  serxDontine  debris  must  have 
come  from  the  large  mass  in  the  Cahabon  valley,  as  well  as 
from  other  bodies  which  are  nou  now  exposed.   Coarse  tilted 
diabase  and  serpentine  gravels  are  found  in  the  Sepur 
Formation  at  the  entrance  to  Lanquin  (3S) .   One  diabase 
boulder  exceeded  65  cm  in  diamieter.   These  gravels  must: 
have  had  a  nearby  origin,  although  not  evident  az   present. 

Diabase  grains,  because  of  their  greauer  resistance, 
are  frequently  found  in  Sepur  sedim.ents,  although  the 
amount  of  diabase  outcrop  is  very  m.inor  compared  to  the 
serpentinite  which  it  intrudes.   Under  zhe   climatic  con- 
ditions of  this  region,  serpentinite  cannot  be  macroscopi- 
cally  detected  in  river  sands  500  meters  downstream  from 
the  outcrop.   The  green  grains  seen  in  Sepur  rocks  are 
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most  often  volcar.ic  doLritaS/  not  ;Lor]_jcr.tir.o . 

Grains  ot  pluconic  origin  in  the  Scour  l''crir.a wxon  ::.i.y 
be  derived  from  older  rocks  or  xoossiba.y  fro.v.  plutonic 
rocks  associated  wiuh  Cretaceous  volcanisra.   Cobbles  of 
quartz  diori-ce  v/ere  preseni:  in  the  coarse  volcanic  conc-lon;- 
erate  near  Los  Rer^edios  (4E}  ,  and  a  few  loose  pcibblcs.    of 
diorite  occur  far  froin  any  present  eiwosures  of  plutonrc 
or  dike  rocks. 

Some  of  these  diorite  and  quartz  diorite  pebbles  and 
cobbles  may  have  been  ripped  from  the  sub-volcanic  base- 
ment during  eruptions,  but  raost  are  the  only  reiTinancs  of 
a'  once  more  widespread  serpentinite  body  v/hich  v;as  cut  by 
dikes,  and  possibly,  volcanic  feeders. 

Paleontology 

Noel  Brown  kindly  exErnined  some  of  my  samples  from  the 
Sepur  of  Alta  Verapaz,  v/hich  he  determiined  as  Camipanian- 
Maestrichtian  in  age.   Am.ong  x.he    foram.inifera  he  identrfied 
are  : 
Actinorbitoides  brcv/ni 


Sulcorbitoides  oarc.or 


Monolepiorbj-coiaas 


1 

1 

r 

Sulcorc-:c;-'l;i.n- 

I 

Torre ina 

Vauq-hanira    cubonsis 

liO 


■  Piuhonei: 


J.    and/or    Cur.aolir 


na 


Glcbctruncana  laDoarea-ci 


Globotruncana  £trarti  group 
Ruqocrlobicferina 


Bermudez  (1963)  describad  forarriinifera  collected  frcn; 
tho  Sepur  Formation  along  the  Rio  da  la  Pasion  fron^  jujt 
below  Sebol  (3G)  to  LI  Canbio,  about  40  kilometers  nor;:h. 
Bermudez  feels  that  the  fauna  represents  a  late  Paleocene 
age  rather  than  the  early  Hocene  age  favored  '■:^'j   Lronnimann 
in  Vinson's  paper.   Ora  Willet  and  Marry  Ero\vne  of  uhe 
Union  Oil  Co.  of  California,  vvho  have  studied  'r.-c.T.oiTQd.^   of 
samples  from  this  area,  are  also  inclined  towards  a  Paleo- 
cene age.   In  addition,  van  L'^w   Bold  (1946,  1963),  who  was 
the  first  to  publish  early  Tertiary  ages  for  ^he  Sepur 
Form.ation,  also  favors  a  Paleocene  age.   He  emphasizes  that 
his  disagreem.ent  wit'n  Bronnimann  is  not  over  the  age  of 
the  fauna,  but  rather  v;here  to  set  the  lim.its  or  r.ie 


Ill 

A  rew  oi:  t.ic  s^imoloG  cGiloctcd  on  the  :<ic  CancuGn  j.n 

the  Pctcn  lov/lax^d  wore  ^ubmittod  to  Koel  lirov/n .   lie  and 
his  as3oci.v.itos  idontifiod  rornu  inl:crr;.cd_c*>:e  between 
Gioborotalia  ccni  :-)r::->;^-a  and  Globo^-otalj  :i  -  : 'r.^dnnon^irdi  ,  v/hich 
would  place  thcra  in  the  late  Palcocene-early  I^oceno  range. 
They  felt  thaa,  in  general,  ahe  fauna  was  late  Palcoccne 
in  age . 

One  of  my  rudist  fragments  was  identified  by  A.  G. 
Coates,  of  the  University  of  the  West  Indies,  as  a  Radro- 
litid,  possibly  belonging  ao  tne  Sauvagesinae. 

J.  Wyatt  Durham,  of  the  University  of  California  at 
Berkeley,  identified  Qumqueloculina,  an  alveolinid,  and 
the  coral  Flabellur;  from  a  pebbly  calcarenite  I  collecaed 
12  km  northeast  of  Cahabon  (42) .   He  staaed  that  these  forms 
are  indicative  of  an  age  not  older  ahan  Danian  (Williams 
et  al. ,  1964) .   Most  of  my  other  Sepur  samples  from  this 
area  were  reported  as  Cam.panian-Maestrichtian  in  age  by 
other  paleontolog'isas .   As  the  rocks  were  all  similar  in 
appearance,  it  points  out  the  necessiay  for  deaailed  map- 
ping and  m.ore  paleonuologic  studies. 
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'      EnvJ.ronno]it  of  Doposition 

Mucn  o±    the  Scpur  Forr.iation  was  d^rjOL^itcd   under  rr.ar- 
gmzil  to  shallow  marine  conditionG.   Coarse  ccnclomerates 
were  obviously  deposited  on  land  or  near  shore.   Many  of 
these  conglomerates  are  marine,  as  indicated  by  the  occur-  ' 
rence  of  marine  foraminifera  in  the  matrix.   Perhaps  sc.T.e 
of  the  coarser  conglomerates  were  derived  by  waves    attack- 
.  cliffs. 

As  so  much  of  the  Sepur  Formation  is  composed  of  cal- 
carenite  and  limestone  conglom.erate,  v/e  may  postulate;  that 
the  carbonate  detritus  v;as  derived  from  a  nearby  source, 
for  limLestone  is  too  weak  to  withsTiand  long  erosion  and 
transport.   Thus,  we  miay  envision  a  source  area  v;hich  is, 
perhaps,  controlled  by  faulting  that  created  a  series  of 
basins  and  troughs  adjacent  to  lim.estone  highlands  and 
banks.   judging  from  the  widespread  lim.estone  conglomerates 
and  variations  in  lithology  it  is  suspected  that  there  was 
a  series  of  blocks  and  troughs,  not  just  one  highland 
source  area.   The  fauna  contained  in  the  limestone  frag- 
m.ents  indicates  that  both  Cam^pur  and  Sepur  limestones  were 
eroded  and  redeposited  in  uhe  Sepur  Form;auicn. 

The  role  of  reefs  in  Secur  sedimienta^iion  is  still  not 
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clei.r.   Locz^lly  rucis-;:  b..;-:.  .,^-   have  forn^cd,  but  tho  only 

re..^::.^ns  arc  ^bundano  rudii,:,  ._    ..^.\^s. 

ThG  coariG  docritus  in  i:...  >.  ..^::,:S:^  valley  indicaLcs 

anat  i-c  was  dcpcsittd  in  the  vicin:.ty  o^'  .v.ajor  u^>li;^. 
Perhaps  block  faulting  bringing  up  the  Cah  ,ov::n  serpenti- 
nite  was  also  responsible  for  fcr.T.mg  t:.e  urouahs  and 
basinal  areas  where  the  Sepur  grayv/ach^  jcd^.r.ents  Wo,-o 
deposited.   These  faults  could  also  have  b<_^..  ch^  .v^cus  of 


volcanic  activity.   In  the  cenural  P; 


^.•._ana — av;av 


from  the  major  uplift — stable  condi^icn^   ..-■.•^iled,  v/ith  a 
resultant  facies  chan._^_  to  platfor-;.-^__.  .  d^pooits. 

Recent  Purr.ice 

No  Recenu  pu::.ica  occurs  in  the  c^r:..     j  \d.   Hc.vever, 
there  is  a  zc^-.e  oi  p-aiTiice  about  25  h.r.  -^o  u..e  wcsz.      A  ncv/ 
road  cut  about  one  km  north  of  Santa  Cruz  (fig.  2)  revealec 
charcoal  logs  lying  in  Recent  pumice.   This  p-js:.ico    is  only 
a  few  meuerc  ch'.ck,  and  because  of  the  grear  distance  to 
the  volcanic  province  (3C  "..m)  ,  v/as  ass'um.ed  uo  have  been 
derived  from  vr_:\d   borne  ^u-cice.   The  occurrence  of  char- 
coal logs  hov-ever/  strongly  indicates  i:hat  -his  is  an 
ignimbrite  of  local  origin.  O'r.v.s ,    there  was  probably 
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volcanic  activity  in  Alua  Vcrapaz  within  Recent  tirr.e. 
There  is  a  hot  spring  a  few  kilometers  west  of  TelciTic..'. 
(5B)  in  the  Polochic  valley,  but  I  have  never  seen  any 
venas  or  signs  of  volcanic  activity.   The  Santa  Cruz  p-uiriice 

probably  carae  frora  a  now  concealed  vent. 

Charcoal  logs  froiu  uwo  localities  in  the  volcanic 
province  of  Guatemala  have  been  dated  as  31,000  -  3000  and 
35,000  1  3000  years  5. P.  (Bonis  e_t  _al . ,  1966)  . 
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STRUCTURE 
General  Statement 

Although  complex  in  detail,  the  structure  of  Alta 
Verapaz  area  may  be  generalized  as  a  fold  belt,  more 
tighaly  folded  to  the  north,  v;hich  has  been  cut  by   numerous 
high-angle  faults.  A   regional  dip  to  tr.e  north,  off  the 
crysualline  geanticlinal  axis  of  northern  Central  r-mr.er^ca, 
buries  Paleozoic  rocks  under  the  Cretaceous  and  younger 
rocks  exposed  in  the  Peten  lov/land  to  the  north.   I-Iigh- 
angle  faulting  drops  a  series  of  blocks  from  the  Sierra  de 
las  Minas  (3000  meters)  to  the  Pe-cen  lowlands  (100  meters}  . 
The  Polochic  fault  zone,  as  a  continental  extension  of  whe 
northern  border  of  the  Barulett  Trough,  is  a  r.ajor  struc- 
tural feature  of  Middle  America  and  conceivably  has  been 
instrumental  in  the  structural  developm.enu  of  the  region. 

Paleozoic  rocks  have  been   metam.orphosed  and  altered 
to  cataclasites,  but  iu  is  difficult  to  discern  their 
exact  relationship  to  younger  Pennsylvanian-Permian  sedi- 
ments.  It  is  possible  that  evidence  of  several  pre-?ermian 
sediments  of  deformation  is  concealed  m  zr.e   me  cam.  or  p.".  ic- 
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Santa  Rosa  and  cataclastic-rcd  bed  Loquonces. 

Despite  the  Triaasic-Ciuras:jic  hiatus,  tricre  is  r.o 
marked  widespread  discordance  between  Permian  and  Mesozoic 
sediments  in  Alta  Verajpaz.   Upper  Paleozoic  sediments  are 
indurated  to  argillites  in  the  Maya  Mountains  and  mcta- 
miorphosed  in  uhe  crystailine  belt  of  Guatem.ala;  Mesozoic 
sediments  have  nor  been  m.etamorphosed.   Nov/nere  however, 
have  I  seen  diverging  trends  of  Mesozoic  and  Paleozoic 
rocks.   Indeed,  I  have  found  no  evidence  for  a  great  epi- 
sode of  large-scale  intrusion  or  orogeny  at  the  end  of  the 
Paleozoic.   Block  faulting  is  inferred  from  coarse  grained 
arkosic  sedirrtents.   Folding  v/as  possibly  m.incr  and  paral- 
lel to  the  folding  and  deformiation  of  the  climactic 
"Lar amide"  orogeny  in  mid-Tertiary  tim^e,  which  conceals 
traces  of  previous  deformation  in  Alta  Verapaz. 

The  similarity  of  Mesozoic  and  Paleozoic  structural 

•  trends  leads  to  the  hypothesis  that  today's  structure  oi 
;    northern  Central  Am.erica  is  a  reflection  of  Paleozoic 

•  trends  and  that  the  strucuural  fram.ework  of  the  region  was 

s 

|.   already  established  in  late  Paleozoic  uime.   Much  more 

information  is  necessary  to  establish  the  hypothesis  firmly, 
; 
\        but  certain  evidence  points  in  this  direction.   The  Maya 
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\      Mountains,  and  one  of  its  subsurface  prolon'jations  in  the 
Poton  basin,  tho  Libortad  arcli,  v/cro  topocjraph.ic  higho 
before  the  deposition  of  Jurassic  and  Cretaceous  sedin-icnts 
as  shown  by  -chinning  and  overlapping  of  those  sediments  in 
the  I>laya  Mountains.   The  general  strike  of  the  xMaya  Moun- 
tains and  its  sub-surface  extensions  coincide  wi  i:h  the 
present  day  structural  grain.   Even  though  separated  by 
an  unconforiTii  :y,  the  general  strike  of  Pennsylvanian- 
Perraian  rocks  coincides  with  that  of  the  Cretaceous  and 
Tertiary  outcrops.   And,  pre-Permian  cataclasites  located 
along  the  Polochic  fault  zone  suggest  deformauion  along 
an  ancestral  Polochic  trend  in  Paleozoic  ti-ie . 

I       The  northwest-southeast  trending  volcanic  chain  cf 
Central  AiTierica  is  a  late  Tertiary  to  Recent  erogenic  bolt 
not  directly  controlled  by  Paleozoic  structure. 

'  Folds 

:        Fold  trends  in  the  region  are  clearly  out:lined  by 

the  east-northeast  striking  PuOuntains  and  valleys.   Several 
large  folds  have  been  recognized  in  the  area.   v;ide scale 
,  faulting,  rudirp.entary  stratigraphic  knowledge  and  diffi- 
cultv  in  recognizing  true  bedding  altitudes  m  collapsed 
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karbb  topogreiphy  have  hindered  recognition  of  other  large 
folas  which  undoubtedly  must  exist  in  the  area.   Korth  of 
the  Cahabon  valley  folding  becoraes  markedly  tighter,  and 
is  accompanied  by  thrust  faulting  in  northern  Alta  Vcrapaz. 
This  region  consists  entirely  of  faulted,  tight  folds  in  ■ 
Mesozoic  strata.   Cretaceous  and  lov/er  Tereiary  rocks  in 
the  Peten  basin  have  been  folded,  although  to  a  lesser 
degree  than  the  Alta  Verapaz  fold  belt.   Anticlinal  struc- 
tures in  Cretaceous  carbonates  have  been  the  main  surface 
play  for  petroleura  tests  in  the  Peten  basin. 

In  order  better  to  portray  folding  in  the  m.ap  area,  I 
thought  it  best  to  omit  much  of  the  faulting.   Therefore, 
[   in  drav/ing  the  final  map  and  constructing  the  cross  section, 
much  of  the  faulting  has  been  eliminated.   A  glance  at 
the  simplified  axial  zone  of  the  Senahu  anticline  (4C)  on 
the  cross  section  gives  an  intimation  of  the  j arable  caused 
xulting. 

As  the  younger  (Paleocene)  Sepur  rocks  are  involved 
in  tight  folding  and  the  Miocene  Rio  Dulce  limestone, 
present  in  the  eastern  part  of  the  fold  belt,  east  of  the 
geologic  m.ap,  is  nou  greatly  folded,  it  appears  that  fold- 
ing occurred  in  mid-Tertiary  time. 
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Tno  large  Panzal  syncline  (1-3A)  south  of  the  Rio 

Po-.ochic  is  a  well-defined  structure  in  the  Chochai  For.Tia- 
ticn,  some  six  km  wide  and  36  km  long.   The  outermost  flanks 
contain  Chochal  shales  grading  utd  from  Tactic  shales  of 
the  Sanra  Rosa  group.   To  the  north,  the  structure  is 
terminaaed  by  ahe  Polochic  fault  zone  and  to  the  south  by 
the  Panima  fault  system.   The  latter  fault  merges  to  the 
east  with  the  Polochic  faula  zone,  thus  termiinating  the 
structure.   This  syncline  is  the  least  disturbed  and  most 
easily  recognized  fold  in  the  region.   It  appears  to  have 
survived  as  an  intact  block  between  the  tv;o  fault  zones. 

The  syncline  at  Senahu  (4C) ,  consisaing  at  the  surface 
of  Chochal  dolomites,  occupies  part  of  the  large  Senahu 
topographic  high.   The  entire  area  is  highly  faulted,  but 
a  large  syncline  with  its  axis  passing  through  the  town 
of  Senahu  is  clearly  dem;Onstrated  on  ahe  cross  section 
(Plate  1) .   Although  this  appears  as  a  large  structure  on 
the  cross  secaion,  it  is  in  regional  aspect   probably  a 
lesser  reversal  on  the  southv/estern  side  of  ahe  plunging 
Senahu  anticline. 

The  Senahu  anticline  (4C)  is  a  highly  faulted  struc- 
ture which  dominates  the  Senahu  region.   North  of  its  axis 
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IS  a  gcnera.lly  ■/:ort]:-dippincj  :.icqucncc  contair.inr;  at  le£»:;t 
a  portion  of   every  sedimentary  formation  prc^sent  in  tnc 
Alta  Verapaz  fold  belt.   Meso::oic  strata  arc  ir.issmcj  on  the 
soutn  side  of  tl.e  axis,  pro^^ably  having  been  removed  by 
faul-cing  and  erosion.   The  doubly  plunging  anticline  is 
son;a  24  km  long.   The  north  flank  is  about  six  km  v;^de 
near  Senahu.   Red  beds,  which  are  taken  to  be  'iodos  Santos 
rocks,  indicate  that  the  faulted  western  nose  of  the  anti- 
cline extends  another  15  km  to  the  west. 

Because  of  faulting  and  difficulty  in  recognizing 
stratigraphic  units,  somiC  question  may  be  raised  as  to  the 
location  of  the  anticlinal  axis  and  the  form.ations  present 
in  the  core.   But  the  v/rap-around  of  the  younger  formations 
on  the  east,  and  the  nosing  trends  of  traceable  clastic 
rocks  to  the  west,  leave  little  doubt  that  this  is  a 
doubly  plunging  anticlinal  structure. 

Intense  faulting  in  the  core  area  and  the  juxtaposi- 
tion of  various  rock  units,  including  carbonates,  red  beds, 
and  other  clastic  rocks,  call  for  considerable  detailed 
v/ork  in  order  to  unravel  the  com.plex  geology  of  the  inter- 
ior of  what  grossly  is  a  relatively  simiple  structure.   My 
interpretation  of  the  structure  is  oversi.mplif ied.   Vfnere 
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f       in    doubt,     final    assignationh-    to    formational    units   worG 

'■      raade   which  would   produce    a    siir.olificd    structural    inter  ore- 

I        . 

I   tatiion.   Detailed  mapping  of  this  structure  at  a  scale 

^. 

,;;       larger   tnan    1:30,000   is   both    feasible    and   rccorrjr^Gnded  v/hen 

I 

maps  Decome  available. 

I  ?^lthough  all  the  sedimentary  formational  units  are 

represented  in  the  structure,  it  is  doubtful  -chat  a  complete, 

continuous  section  of  any  form.ation  is  present:.   Faulting, 

\ 

possible  overturning,  and  cover  preclude  the  establish.-ent 

of  complete  sections.   Nevertheless,  incom.plete  sections 

can  be  measured. 

'  The  anticline  passing  through  Ermina  Tzalamt^um  (3£) 

has  a  narrow  core  of  Campur  lim.estone  flanked  by  Sepur 

clastic  rocks.   The  narrow  width  of  Camipur  ourcrop  may  be 

controlled  by  faulting,  but  it  can  be  explained  by  erosion 

just  beginning  to  strip  the  Cam.pur  rocks.   Notable  for 

this  structure  is  the  very  thick,  albeit  discontinuous, 

section  of  Sepur  rocks  on  its  southern  flank.   Over  3000 

meters  of  Campanian-Maestrichtian  Sepur  Formation  may  be 

present. 

The  Lanquin-Cahabon  valley  (S-SE)  north  of  the  Rio 

Cahabon,  som.e  6  0  km  long,  is  a  f aulu-m.odif led  synclinal 
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:ci  Dv  tno  Sopur  Formatior..   Nun^.crous  r.imiiur, 

I   but  discontinuous  and  much  narrower  Scpur  vallcyii  arc  found 
I   to  the  north;  whore  uho  folding  is  much  tighter. 

Faults 

Plotting  all  the  faults  on  the  small  scale  maps  used 
would  have  resulted  in  a  confusing  maze.   In  general,  I 
plotted  on  the  final  map  only  those  faults  with  recognized 
stratigraphic  displacement  or  strong  physiographic  express- 
ioh,  especially  when  viewed  on  aerial  photograp'ns .   Cn  the 
final  m^ap,  I  believe  I  have  plotted  less  rhan  2  5  per  cent 
of  the  faults  actually  present  in  the  m.ap  area. 

Zones  of  dragging-/  and  vertical,  reversed,  and  erratic 
attitudes  are  all  too  comamon,  but  very  few  large  faulc 
planes  were  seen  in  the  field.   Therefore,  apart  from. 
being  obviously  steep,  the  dips  of  fault  planes  in  the  map 
area  are  unknov/n. 

The  Candelaria  fault  (2-6B)  ,  north  of  the  .^io  Pciochic, 

;ht  fault  traces 
^r.Ls    raulti  i.5 
atypical  for  the  region  in  uhe  scr.sQ    that  accessibility, 
exposures,  and  stratigraphic  contrasts  permiitted  its  reaay 


I 

g      locaiiza-cion   and   confirmation   on   the   .jround.      The    fault   can 
be    easily   traced   on    aerial   photocrraphi;    as    a   rc-narkabiy 


saraic-ht    line    for    over    40   kr.i.       In   ituch   of    thi 


s  distance 


I 

:^      the  raulu  r)ring3  up  cataclasites  on  the  north  aaain^t  sGcli- 


,|   ir.ents  ao  ci^e    souan;  tnere  is  no  doubt  that  this  is  a 

I   fault  and  not  merely  a  photo  iinea.ment.   The  actual  fault 

I   plane  was  never  seen  in  the  field,  but  the  straicht  fault 

f, 

f, 

trace  cutaing  across  rug-ged  topography  indicates  its 

high-angle  nature. 

The  Panima  fault  system  (1-4A)  consists  of  a  series 
of  easterly  striking  faults  emerging  from  the  Purulha  and 
Rio  Smanja  valleys  whicn  join  along  the  Rio  Panima  valley, 
swing  north v/ard,  and  merge  into  the  Rio  Polochic  fault 
zone  south  of  La  Tinta.   Part  of  the  Panim.a  fault  system 
forms  the  contact  between  serpentiniae  and  sedimicnts  to 
the  north.   This  system  appears  to  be  a  branch  of  aho  Polo- 
chic  fault  zone,  which  it  rejoins  to  the  west  in  El  Quiche, 
where  it  forms  the  southernmosa  poraion  of  the  fault  zone. 
If  this  be  true,  the  Panim.a  fault  system  exceeds  100  km  in 
length. 

The  Cukanja  fault  (IB),  located  north  of  Tucuru,  is  a 
well-defined  north-south  vertical  fault  which  brings  up 
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czitaclasites  agains-c  Pcr:-ian  (?)  doloiv.ites.   Possibly  the 
,.   deap,  straight  vallcvo  of  Rioc  Chicuc  and  Carlich  arc  also 
co::aroliod  by  north-south  faults,  the  former  perhaps  a 
continuation  of  tho  Cukanja  fault.   This  north-south  fault 
trend  appears  to  be  the  youngest  in  northern  CcnLrai  ;-rr.crica 
forming  graben  structures  in  laue  Tertiary  to  Recent  vol- 
canic zones,  such  as  Guatemala  Crty  and  Ipala  in  south- 
eastern Guat--  v.ala. 

Reverse  faulting  and  thrusting  become  prominent  rn 
the  tight  folds  north  of  the  Cahabon  valley  v/hich  expend 
.  beyond  the  miountain  front  into  the  southern  Peten  lev/land. 
The  folds  and  parallel  reverse  faults  are  cut  by  numerous 
tear  faults,  all  of  \vhich  are  probably  related  to  the  fold- 
ing process.    High-angle  faulting  in  uurn  has  broken  the 
region  into  a  m.aze  of  nuraercus,  sm.all  longf-cudmal  blocks. 
These  blocks  can  be  traced  on  aerial  photographs  by  the 
distinction  betv/een  Sepur  shale  valleys,  v;hich  maintain 
drainage,  and  the  karstic  Cretaceous  carbonates. 

The  reverse  fault  form.ing  the  conuact  bctv;een  granites 
and  the  Santa  Rosa  group  on  the  nor-ch  flank  of  the  Sierra 
.  de  las  Minas  (1-4A)  v/as  inferred  on    the  basis  of  the 
consistent  dip  of  bedding  and  foliarion  planes  into  the 
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crystalline  rocks.   in  addition,  coarse  clar;tic  rocks 

bal:-cvGd  to  be  overlying  the  pluton  arc  missing,  and  may 
be  concealed  by  a  thrust  plate.   I  could  not  frna  any 
single,  eefinite  fault  trace  on  the  aerial  photographs. 
Ho\vever,  the  -copography  did  suggest  a  contact  r.rach  .T.ore 
irregular  'chan  is  conu^on  in  the  region,  reflecting  a  shal- 
lov;er  dipping  fault  plane. 

Rio  Polochic  U'ault  Zone  and  the  Bartlett  Troucrh 

The  Rio  Polochic  fault  zone  appears  to  be  the  conwi- 
nental  extension  of  the  northern  boundary  of  the  Bartlett 
Trough.   The  southern  border  is  represented  by  the  Motagua 
fault  zone  (fig.  1)  .   The  Sierra  de  las  Minas  lie  betv/een 
the  Polochic  and  Motagua  fault  zones  as  a  great  structural 
and  topographic  high  (3  000  meters)  composed  of  crystalline 
rocks.   Thick  soil-covered  erosion  surfaces,  relatively 
subdued  relief,  and  possibly  concordant  peaks  on  a  plateau- 
like sumjnit  suggest  that  the  mountains  have  been  subject: 
to  recent  uplift.   The  Izabal  gr  iben  lies  betv/een  the 
Sierra  de  las  Minas  horst  to  the  south  and  the  Polochic 
fault  zone  to  the  north,  and  narrovrs  v/estward  into  the 
Polochic  fault  zone  in  the  vicinity  of  La  Tinta  (33) . 
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Thus,  Tihc  Bartlebt  Trough  oxcendo  wcstv/arcl  on  land  r.ainly 
as  a  hors'c. 

The    Polochic  rauit  zone  extends  Iroiv.  the  Caribbean 
coas-c  in  an  arc,  convex  -co  the  south,  completely  acroos 
Guateinala  into  Chiapas,  a  distance  of  aa  least  350  kr.. 
The  long,  straight  fault  traces  and  shear  zones  suggest 
strike- slip  movement,  but  only  ma;ior  vertical  components 
of  displacement  have  doqii   documented.   Num.erous  earthquakes 
causing  damage  along  the  valley  sides  and  steep  fault 
scarps  indicate  that  "che  fault  zone  is  suill  active. 

Although  the  age  of  cataclasis  is  not  v/ell  established, 
-_ataclastic  rocks  suggest  the  possibility  of  an  ances::ral 
Polochic  fault  zone  which  has  been  active  au  least  since 
pre-Permian  time.   Therefore,  it  is  possible  that  the 
Bartlett  structural  trend  dates  from,  the  Paleozoic.   Miocene 
faulting  along  this  zone  could  have  created  a  Lake  Izabai 
type  depression,  controlling  deposition  of  the  Rio  Dulce 
limestones  in  a  localized  em.bairment . 

The  Polochic  fault  zone  is  especially  well  developed 
from  Tucuru  eastward  to  where  the  v/ide  floodplam  starts 
at  Puente  Chasco  (1-53) .   Permian  and  Cretaceous  strata 
north  of  the  Rio  Polochic  have  been  cut  by   n-ar:.ercus  faults 
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creating  deep  longitudinal  valleys  and  knife-edge  ridges. 
In  p_aces  the  rock  has  been  comxDletely  shattered  to  a  sand, 
as  illus-crated  ]3y  the  doloraites  on  the  road  imraediateiy 
west  or  Puente  Chasco  (3B) .   Exposures  on  the  road  just 
east  of  Tucuru,  before  the  Finca  Guaxac  crossroad  (lli)  , 
clearly  shov;  nhe  deformed  and  broken  cataclastic  rocks. 
The  sou-'chern  abutment  of  the  Guaxac  bridge  shows  a  strong 
schistose  development  in  what  might  have  hecn    a  pebbly  con- 
glomiarate.   This  schistosity  is  vertical  and  strikes  paral- 
lel to  the  fault  zone.   The  road  west  of  Tucuru  is  constantly 
subject  to  slides,  due  partially  to  steep  slopes,  but 
mainly  to  the  broken,  incom.petent  nature  of  the  shales  and 
carbonates.   The  road  will  probably  have  to  be  relocated 
should  paving  be  contem.plated. 

Strike-slip  movemiont  along  the  Bartlett  Trough,  postu- 
lated by  workers  in  the  Caribbean,  has  not  been    substan- 
tiated by  field  v/ork  in  Guatemala.   Long,  straight  fault 
traces,  unswerving  over  considerable  topographic  relief, 
indicate  that  vertical  and  high-angle  faulting  domrna;:e. 
Hov/ever,  apart  from  small  tear  faults,  no  horizontal  dis- 
placements were  observed.   The  possibility  remains  rhat 
horizontal  movements  in  the  order  of  tens  or  even  hundreds 
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of  kiloniGtcrs  have  brought  blocks  in  juxLapo^itior.  acro:>o 
the  Polochic  or  P^.nima  fault  zoncii.  Uow^vor ,    there  are  no 
rocks  that  appear  to  be  completely  out  of  place.   Upper 
Tar-aiary  and  Quauernary  volcanic  rocks,  which  cover  and 
cross  -c'^ae    Polochic  fault  zone  to  the  west,  have  not  been 
offset  into  the  map  area.   :-iioccnc  Rio  Dulcc  limestones  and 
continental  red  beds,  found  to  the  cast  on  uhe  Polochic 
and  Bartlett  trends,  likewise  have  not  been  offset  into  the 
area. 

Facies  changes  across  the  Polochic  fault  zone  m.ay  be 
another  approach  to  determdne  horizontal  disT^lacement .   Only 
Paleozoic  sediments  are  found  south  of  this  fault  zone  in 
the  map  area.   Ho\vever,  imaaediatcly  to  the  v;est,  Mesozcic 
rocks  are  present  in  the  Santa  Rosa  and  Sal^uma  valleys. 
The  Chochal  limLOstones  in  the  Panzal  syncline  (1-23)  south 
of  the  Rio  Polochic  are  considerably  dirferent  from  the 
sandy  weathering  dolomites  across  the  river.   First  it 
would  be  necessary  to  establish  if  the  dclom.ites  are  indeed 
Chochal  rocks  and  then  determine  the  character  of  these 
rocks  before  the  massive  recrystallization.   Much  more  work 
would  be  required  here. 

V7ide  zones  of  cataclastrc  rocks  and  boulder 
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conglomerates  arc  noc  found  :jGuth  ot    the  Polcchic  fault 
I   zone,  even  though  Santa  Rotiu  shaics  and  granitic  toc/.o  are 

I  ^     -..   . 

I   exposea.   i_  tncso  rock:^  ever  v/ere  preeer.t,  it  is  po:-^Gi:.lG 
:   thau  they  have  b^an    concealed  or  re"oved  by  thrusting  of 
tne  crystalline  rocks  over  the  sedir.\enta,  or  even  grani- 
tized.   Whatever  aho  explanaaion,  the  cctaciaorteo  do  not 
lend  theiTLselves  to  determining  stratigrcohic  aif f ercnccs 
across  the  fault  zone. 

The  El  Pilar  fault  system  in  northern  Venezuela  and 
Trinidad  has  been  postulated  by  rr.any  geologrsts  as  a  funda- 
mental fault  acting  as  a  southern  counterpart  to  the  2art- 
lett  Trough  strucaural  trend,  with  the  Caribbean  region 
displaced  eastward  between  the  two  fault  systems  (Rod, 
1956;  Butuerlin,  1S56) .   Although  apparently  a  strike- 

I    slip  fault,  large  horizontal  displacemicnts  have  not  been 
I 

1   proven. 

\ 

•        When  we  note  the  controversy  generated  by  reno\vT.od 

I    strike-slio  fault  zones,  such  as  the  San  Andreas,  Great 

[ 

I       Glen  and  Al-:.-ne  faults,  we  see  thau  much  m.ore  evidence  is 
[ 

I       needed  to  establish  the  nature  of  displacem.ent  in  the 
Polochic  fault  zone  and  Bartlett  structural  trend. 


GEOLOGIC  HISTORY 

I 

t  Paleozoic   uiotascdiraontary ,    rac  Lavolcanic,    arid   plutonic 

t^       rocks   were    uplifted   and   eroded    in   prc-late    Pcnr.sylvar.iar. 

I 

I       trn^e  in  the  Corailleran  region  of  northern  Central  /-jr.crica. 

Severe  faulting  crushed  and  sheared  granites  and  sodir.-.ent3, 
which  were  in  turn  eroded  and  deposited  as  part  of  a  late 
Paleozoic  depositional  cycle.   This  faulting  rr.ay  have  been 
I   localrzed  along  an  ancestral  Eartlett  Trough  structural 
trend.   Elsev/here  Pennsylvanian-Perirdan  seas  gradually 
transgressed  onto  older  granitic,  netasediir.entary  and  high- 
grade  metaiTiorphic  rocks  v/hich  represenued  the  late  Paleo- 
zoic geanticlinal  axis  of  northern  Central  Ar.erica.   The 
structural  franiev7ork  of  northern  Central  .-rr.erica  has  re- 
mained fairly  constant  since  late  Paleozoic  wirr.e. 

By  mid-Pern"Lian  uime  rauch  of  northern  Central  .^.erica 
was  covered  by  shallov;  sea,  where  as  ~uch  a^  ICOO  ir.ctors 
of  carbonates  were  deposited.   Perhaps  rher^^  v/^re  silled 
basins  of  restricted  circulation  on  this  placforr:.,  v;here 
black,  fetid,  pyritiferous  liir.estone  and  shale  acc-a.~ulated 
in  a  stagnant  environment.   In  many  areas,  ciascic 
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deposition  continued.   Loeal  uplifts  x^roducir.r;  cor.r.-icrr.oratob 
intorruptod  tl:e  rencrul  procrcssion  to  carbonate  Godmcr.ta- 
tion  in  Permian  time. 

Late  Permian  to  Jura^isic  time  is  represented  by  uplift, 
erosion,  possible  mm.nor  volcanic  activity ,  poasible  dcfor- 
mauion,  and  minor  metaiiiorphism  uhat  altered  some  of  the 
Pennsylvanian-Permian  shales  to  slates  and  phyllites.   In 
Alta  Verapaz  there  is  no  evidence  for  major  orogeny,  plu- 
tonism,  or  high-grade  m.etaimorphism.  during  rhis  late  Permian 
and  Triassic  hiatus. 

Continox, ^ai  and  m.arginal  red  beds  deposited  m  Late 
j'urassic  to  Neocomian  tim.e,  possibly  associated  with  block 
faulting,  were  covered  by  a  widely  transgressive  mid- 
•  Cretaceous  sea,  covering  the  area  with  1000-2000  meters 
of  carbonates.   At  the  sarr.e  tim.e  iiruT.ediauely  to  ::he  north, 
the  Peten  basin,  probably  a  restricted  arm  of  zhe   Gulf  of 
Mexico,  accumulated  over  3000  m.eters  of  evapcrites  and 
carbonates . 

Block  and  dov/n  to  the  coast  faulting  around  the  mar- 
gins of  the  Gulf  coastal  province  m.ay  have  been  partly 
responsible  for  the  accumulauion  of  Jurassic-Cretaceous  red 
beds  and  enormLOUS  thickness  of  evaporites.   And,  as  yet 
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undiscovGreci  rudisc  banks  and  barrier  barj  could  have  par- 
tially closed  ofi  circulation  between  the  Pctcn  crrljayTTicnt 
and  the  Gulf  of  Mexico. 

The  Maya  Mountains,  and  conceivably  the  Sierra  do  las 
Minas,  were  topographic  highs  during  the  mid-Cretaceous 
transgression.   Angular  unconformity  bk^zyjocn    the  Coban  and 
Todos  Santos  Formations  in  northern  Huehuetenango  and  the 
intrusion  of  the  92,000,000  million  year  old  diorite  north 
of  Guatemala  City  indicate  that  orogenic  activity  was 
taking  place  at  about  mid-Creuaceous  time. 

The  Cretaceous  submersion  continued  in  miuch  of  the 
northern  Cordilleran  region  during  lower  Senonian  time; 
the  Maya  Mountains  were  further  transgressed  by  the  warm, 
shallow,  open  seas  in  which  uhe  Campur  lim.estone  v/as 
deposited.   Hov/ever,  widespread  uplift  had  begun  in  northern 
Central  Am.erica.   Carbonate  deposition  was  thin  or  absent 
south  'of  the  present  fold  belt.   The  great  Cretaceous 
transgression  had  passed  its  apogee. 

Uplift  ^.nd  large-scale  faulting  accom.panied  by  voi- 
canism  brought  a  great  serpentine  m^ass  to  the  surface  and 
broke  the  former  sliallow  w^ater  platform,  inzo   basins,  shelves, 
and  highland  areas  during  Cam.panian  time.   These  unstable 


conai-cions  continued  at  l:.:a:-jt  thrcuv^h  Palooccnc  time,  pos- 
sibly v;i-h  a  gradu:\l  northv.'urd  retreat  of  the  soa.   During 
this  tinie  a  very  varioa  sequence  of  seuA-raents  v/as  dcpositcd- 
thc  Sepur  Forr;.aticn.   The  ranre  in  litholoyic  ty:^*^^  ^'-^ 
fauna  reflect  the  c-rcat  suite  of  rochs  exr^osed  to  ercsior. , 
and  the  varied  depositional  environr:.ents . 

Orogeny  culminated  in  raid-'Teruiary  time  v/ith  folding, 
thrusting  noruhward  towards  the  foreland,  and  remcta- 
morphism  of  rocks  in  the  crystalline  core  of  the  Cord:^llera, 

Post-orogenic  high-angle  faulting  hrohe  the  Alta 
Verapaz  fola  ^elt  into  longitudinal  blocks;  perhaps  also 
raising  the  Sierra  de  las  Minas,  Altos  Cuchum.atanes,  and 
i-laya  Mountain  horsts,  and  again  reactivating  a  Paleozoic 
zone  of  deformation  into  the  Bartleut  Trougn  structural 
trend  of  today. 

Marine  and  marginal  sedimenuatron  reurea;:ed  northwards 
in  the  Pete'n  basrn,  reflecting  the  continued  regressive 
conditions  of  laue  Tertiary  tim.e.   On  the  eastern  end  of 
the  Cordilleras,  Miocene  shelf al  and  reefal  limestones, 
and  marginal  and  conuinenual  clasuic  sedimen::s  v;ere 
deposited  in  emJoa^m^^ents  and  troughs  formed  par::ly  by  tr.e 
post-orogenic  faulting  wnicn  as  con.-in^-i.-  ^o^ay. 


134 

In  thG  ?ilt:-.  Vcrapaz  fold  b^lt,  u^;lilL  tind  crorjio.:  l.uo 
cor-"^-nuod  froi?.  mid-Tv:;rtiary  tj.i;ie.   Prcijcnt  phyrjiograr/ny  of 
t::c  Cordi-llGran  region  is  a  rcsulL  oi:  Lno  ruid-Tcrtiary 
folding  and  tho  subsequent  high-angle  faulting  v/hich  created 

the  longitudinal  bloeks  parallel  uo  the  folus. 

Apart  from  the  singular  occurrence  of  Recent  ignir:.- 
brite  south  of  Coban,  there  has  been  no  volcanis.T.  m  Alta 
Verapaz  from  late  Tereiarv  to  Recent  time. 

Earthquakes,  hot  springs,  and  very  youthful  topography 
indicate  that  the  Polochic  faulu  zone  is  still  active. 


PROB^i^MS  JOR    FUTUi<E  STUDIES 

Numerous  prcblcms  i:iuriti.xia  further  otudy  were  outlmod 
by  reconnaissance  ycoioc;ic  maopin^j  in  7.1  ta  Verapaz.   Those 
r:.entroncd  bciov/  arc  considered  araong  the  most  interGstrrij 
and  important. 

The  history  and  nature  of  faulting  along  the  Bartlett 
Trough  structural  trend  is  one  of  the  kov  oroblcms  in 


Caribbean  ceoloq^ 


Aluho- 


G  mai- 


cates  rria-ior  veruicai  aisoiacemer 


ield  evidence  to 

future  studies  may 
prc)ve  the  Bartlett  trend  as  one  of  the  earth's  great  zones 
of  transcurrent  faulting.   Possibly  the  vertical  displace- 
ment is  only  a  m.ore  recent  event  along  a  zone  of  dcm.mantly 
strike-slip  movem^enu.   Much  m.ore  stratigraphic  knov/lcdgc 
and  detailed  mapping  will  be  necessary  to  resolve  this 
problem..   Because  of  the  sem.i-arid  climate,  the  Rio  -Motagua 
valley  is  probably  the  besu  place  to  look  for  -che  physio- 
graphic evidence  of  faulting.   Here  suream.  oiisec  is 
clearly  visible  on    aerial  phouographs. 

The  nature  and  origin  of  the  cataclasarc  rocks  in  z'r.c 
Poloch^c  valley  is  another  problem  worthy  of  further  study. 
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j^,   \Vhat  waro  these  rocks  before  shearing?   Do  these  rock'i 
I        represenL.  a  Paleozoic  shear  zone  which  is  an  ancestor  of 
the  Eartlett  Trough  structural  trend?   Detailed  mapping, 
petrographic  studies,  and  cheir.ical  analyses  v;ill  be  neces- 
sary. 

Radioraetric  dates  are  sorely  needed  m  Guaten^.ala.   3y 
this  means  we  may  be  able  to  establish  a  better  igneous 
and  metamorphic  chronology  and  start  correlating  various 
plueonic  bodies. 

Permian  and  Cretaceous  carbonates  have  not  been  satis- 
factorily mapped  in  Alta  Verapaz.   More  mapping  accompanied 
by  a  diligent  search  for  fossils  will  help,  but  detailed 
carbonate  studies  are  needed  before  we  can  resolve  the 
stratigraphic  problem.s .   Very  litule  is  known  of  the 
'  dolom.itizarion  and  brecciation  in  these  rocks,  and  even 
less  of  the  evaporites.   In  addition,  Alta  Verapaz  offers 
miagnificent  opportunities  for  karst  studies.  kll    this  work 
would  give  us  a  m/uch  beuter  understanding  of  the  facies 
v/ithin  the  Chochal,  Todos  Santos,  Coban,  and  Sepur  Forma- 
tions . 

The  proper  correlation  of  Santa  Rosa,  Chochal,  and 
Todos  Santos  red  beds  requires  a  great  deal  more  work. 
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Do  trailed  iv.r.pping,  nc^ctioA   nicar.urcr.ionL,  and  pc'cro.jr  aphic 
s-cucios  will  bo  needed. 

A  coi.'Loetent  study  of  ir.inerdliz^dcion  in  Alta  Vorap^z 
is  of  major  importance  to  the  nascent  cconorr.y  of  Guatcr.ala. 
NLuaerous  small  lead-zinc  prospects  are  located  in  Chcchal 
and  Coban  carbonates,  but  apparent  lov/  res^^rves  and  inac- 
cessibility have  discouraged  exploratory  operations.   The 
relationship  betv/een  the  ore  bodies  in  the  carbonates  and 
m.ineralization  in  the  plutonrc  and  ca-caclastic  rocks  has 
never  been  studied.   Apart  fromi  scienaific  interest,  who 
possible  economiic  significance  of  this  miineralizaticn 
demands  imanediate  attention. 


:-_any  o 


■f       -J-l-^r^. 


he  above-mientioned  -oroblemiS  would  make  fea- 


sible and  rewarding  doctoral  dissertation  toprcs — qur_e 
apart  from  the  deuailed  miapping  of  selecued  areas  such  as 
the  Senahu  anticline. 
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PLATLS 


..  View  01  the  Rio  Polooaic  valley  looking  easi 
from  its  headwaters. 
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b.  The  Rio  Polochic  lloodplai:!  west  oi 


Plate  II 


Cataclastic  and  "ranitic  rocks  north  of  the  Rio  Polochio  near  Tucu.-j. 


Plate  in 


a.  View  looking  norchwa.rd  from  the  Alia  Verapaz  fold  belt  to  the  Peter.  Lowlar.d. 


b.  Xarst  topography  southwest  c:  Lanquf; 


Plate  IV 


a.  Karst  topography:  alluviated  valley  in  Carnpar  limestor.e,  probably 
underlain  by  Sepur  shale.  Rio  Chajmaic  valley. 


b.  ICirst  toposrahy:  Finca  Caapaltepec. 


Plate  V 


a.  Limestone  conglomerate  near  the  base  of  the  Chochal  Formation. 
Finca  Trece  Ai;-Lias. 


b.  Thin-bedded  shales  and  calcareniies  in  ii;e  Sepur  Formauo: 


Plaie  \1 


a.  Limestone  boulder  conglomerate  in  the  Separ  Formatior.. 


b.  Ultrabasic  Liravclo  in  iho  Sepur  Formation. 


Plate  \1l 


a.        cm  2  3  -1'         :s,         6  7.         8         D 


Quartz -feldspar-epidotc-actinoiite  rocks  from  the  cautciasito  si.qucr.c^ 

Piatc  Mil 


a.  Consrlonierate  containing  andcsiLe  cobbles.  Separ  Formation.  X  1/4. 


b.  Clastic  rock  types  iron 


frcn:  the  So  pur  Forniation.  X  o. 


Plate  IX 
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a.  Foraminiferal  limestone  with  rudist  fragments.  Campur  Formation. 


1  {  ;  !  1  :  i  :  1  ;  .  1 

b.  Calcareous  lithic  arenite.  Separ  Formition. 
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